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INfROOOCTION AND S~

Previous Research
During the middle 1960's, the Statistical Reporting Service sponsored
research in an effort to explore, apply and develop remote sensing
techniques for the purpose of estimating livestock inventories. The
School of Forestry of the University of California CUC) at Berkeley
conducted the research, the results of which indicated the feasibility
of aerial photographic inventories of livestock. ~reover ,the research
indicated the scale, time of day, season of year and overlap of stereo-
graphic coverage that collectively would yield an optimum result. Y
The force of these findings and other considerations led, in April 1967,
to a large scale aerial-photo survey which took place in the Sacramento
Valley of California. 2/ For that survey there were two sampling strata:
a range stratlU1land a CUI tivated stratlU1l. Each stratlU1lwas subdivided
into four domains according to grOlmd cover. Photo counts and grOlmd
COlUl.tsof livestock were thus compared according to stratlU1land danain.
The agreement between ground and photo counts found in the cultivated
stratum was termed encouraging. However, sources of error that arose
in the counts for the cultivated stratum carried over with greater
frequency and rnagnitude to counts for the range stratum. Most errors
resulted from land cover and shelters, and animal clusters.

The fonner prevented the detection of Iivestock; the latter made it
difficult to distinguish or count individual livestock within groups.
Sources of error attributable to the range stratum alone were back-
ground clutter which could not be distinguished from livestock and free
boundaries penni tting 1ivestock to roam in and out of segments.
On the positive side, the report concluded:

1. Access to relOOte areas is easily accomplished.
2. Large areas of land are covered quickly.
3. Objectivity in livestock counting can be attained.
4. It is possible to reduce bias from imperfect communication

between enumerator and respondent.

Y For results of original survey see: liThe Inventory of Crops and Livestock
hy Means of Aerial Photography," hy R. N. Colwell, D. T. Lauer and
W. C. Draeger, June 30, 1965.

2/ For a detailed discussion of past relOOte sensing research of livestock
inventories see: "Use of RelOOte Sensing for Livestock Inventories,"
hy H. F. ~fuddleston and E. H. Roberts, Fifth Annual Symposium on Remote
Sensing, 1970.
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The final and significant conclusion was that before becoming an integral
part of a data collection system, reJOOtesensing should be undertaken on
an operational scale survey.

Survey Objectives _

This project, which took place in the Idaho cmmties of Jerome, Cassia,
Twin Falls, and Minidoka 1/ during May and JtU'leof 1969, was a logical
extention of the 1967 worK. The primal)' ohjectives were the simulation
of an operational aerial photo survey for estimating livestock inventory
and its concomitant features. Other objectives included the analyzing
of differences In data provided by color and black-white photography;
investigation of methods of photo interpretation; detennining the
suitability of aerial photography as a quality control technique for a
major livestock survey; eJllJloying an observer in the aircraft to locate
compact groups of animals and spotting location of animals within sampling
tU'lits on maps or photos; and exploration of aerial photography as the
cheap data source in a double sampling estimator.

Ratio of Photo Counts to GrotU'ldEm.uneration

The following table provides an overall comparison between the 1967
Sacramento Valley study and the 1969 Idaho survey of the ratio of
photo COlDltsto grotmd enumeration for numbers of cattle and sheep by
stratum.

Stratwn Cattle
: 19h / 1969
: (percent) (percent)

Sheep
1967 1969

(percent) (percent)

Cultivated
Range

8S
63

40
54

131
93

31
90

"

1/ See figure 1, page 3 for the geographic location of the test site area.
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The ratio of photo counts to ground enumeration is considerahly less
for the 1969 study - particularly in the rultivated strattun. Several
factors are believed to have been responsible for this decline in
accuracy of livestock counts. 1) For hlack and white photography, a
scale of 1:5000 was used in the 1967 work; in this project a scale of
1:6000 was used which is slightly smaller than optinltU11scale. For
color photography, the scales for Sacramento Valley and Idaho were
1:2140 and 1:3000, respectively. Previous research has shown that a
scale as small as l:8000 is often satisfactory for making 1ivestock
inventories, but that a scale of no smaller than 1:5000 is necessary
to ohtain highly acrurate results consistently. 2) The photo-
interpretation was begtm as soon as the photos hecame availahle and
was to be completed as soon as possible to provide a simulation of an
operational survey. During the 1967 work no time constraints were
placed on the interpreters. 3) The unfavorable circtunStance tmder
which the ohserver in the aircraft was permitted to function completely
nulli fied his effectiveness in locating animals and directing overhead
photos of the compact clusters of animals. The combined effects of a
less favorahle scale, more stringent time constraints during interpretation
and nullifying the role of the aircraft observer are believed to have
been largely responsible for the decline in acruracy of photo-interpretation
results in this survey.
The ratio of estimated totals of photo counts to re-enumeration for
this survey are listed below for each species-class by strattml.

StrrttllTll

Cult ivated: 40
Range 54

38
28

31
90

7 8 o 61 164

Fewer livestock were counted on the photos than were reported by any of
the ground surveys for each specieS-class with the exception of colts in
the cultivated stratum. Apparently misinterpretation resulted in mis-
classifying some cattle a~horses, causing the higher percentage for
horses. Also, a larger percentage was ohtained for total animals than
for YOlmg animals.

J-

l cli!i~" "
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Interpreter Variation
From a limited amount of data the following deductions concerning individual
comter consistency were made: 1) interpreter one tended to comt more
horses than other interpreters, 2) interpreter two tended to count fewer
cattle, and 3) interpreter two was inconsistent, classifying some animals
as cattle the first time and sheep the second time. However, mltivariate
tests indicate the differences between comters were not significant for
total and young cattle and total sheep in the cultivated stratum or total
and young cattle in the range stratum on black and white prints.
Black and White vs Color Photography
C.enerally speaking, more livestock (by species) were comted on color
photographs than on black and white photographs. However, multivariate
tests indicate the difference is not statistically significant for total
and yomg cattle over the cultivated or range strattml.
Double Sampling Estimation
A very promising use of reJOOte ~ensing data would be in a double sampling
estimate if it were a cheaper source of data. In double sampling a large
sample is used for the cheaper data and a subsample of the large sample
is selected for the JOOre costly data. Infonnation from the larger sample
can be u.<;edin the sample selection, or in difference, ratio or regression
estimation. The use of reJOOte sensing data as a cheaper data source in a
double sampling estimate would be contingent upon the data being utilized
for multiple purposes such as crop identification, soil mapping, or other
agricultural and non-agricultural uses. Methods need to be developed for
multiple uses of remote sensing data so it may be utilized as the cheaper
data source in double sampling estimation.
~ality Control
Another possible u.<;eof remote sensing data would be as a quality control
technique for ground data livestock surveys. As such, the remote sensing
data wollid not be used directly in the estimation of livestock inventories,
hut would provide a check on the gromd data. Furthennore, the use of this
technique might allow for the detection of recurringgromd data errors,
enabling corrective action to be taken for subsequent surveys. The data
provided by remote sensing yields a more objective and independent (but
not necessarily more precise or accurate) check on enumerative interview
surveys than that provided by a follow-up interview for quality control.
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The objectivity arises since remote sensing data is not subject to the
same communication, response, data recording and processing errors that
the enumerative interview data is subject to.
Photo comts from aerial photography would be most USE'ful in providinp: an
indication of the minimum number of livestock in a field, tract, or segment.
The supplerrental notes to Tables 4 and 5, pages 34 and 41, illustrate some of
the quality control potential of remote sensing data. A photo count of
less than one-half the enumerative interview number or greater than the
enumerative interview number would often indicate an error in the ground
data for cattle and sheep (both total and young). Remote sensing might
be a useful technique for determining livestock presence in a field,
since, if more than ten head of cattle, sheep, or horses were present
some positive photo counts were recorded. The possible uses of remote
sensing data are dependent upon a strong relationship between remote
sensing data and data collected by existing ground surveys. For remote
sensing data to be used in estimating livestock inventories, it must
ultimately be related to the actual livestock present in each sampling
unit. Ffforts to develop and test promising methods of improving the
accuracy and rapidity of photo interpretation could increase the
operational feasibility of photo livestock surveys. Specifications
of the photographic system for various types of livestock surveys need
to he investigated. Coverage of range areas requires a very large
volume of photography. Methods of comhining a base sample of photography
with a sample selected hy tmequal prohabilities designated by an observer
in the photography aircraft should he developed and tested.
Non-sampling Errors
Inconsistent answers from respondents were identified as a major source
of non-sampling errors. Response errors in the Jme Enumerative Survey
and Re-enumeration Survey appear to have been a serious problem in the
evaluation of the potential of remote sensing in this pilot survey. The
Jtme Emnnerative Survey missed many YOlmg cattle according to the results
of both Re-enumeration Survey and the photo COtmts. Problem..swere a1so
encountered because of inaccurate reporting of movement on the .June
[numerative Survey. These errors were attributed to the respondents
though it is possihle that these could have been due to enumerator
variations or the resul t of enumerators asking for infonnation which
was not known accurately by the respondent.

1 .,J;~L!.i~ ""'.
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I • PROffiDURES

The procedures section is divided into two parts; survey procedures and
computation procedures.

A. Survey Procedures

ll1is survey was conducted in accordance with the procedures outlined in
the JlIDe Em.nrerative Survey (JES) interviewer's manual. Supple~ntal
questions on the nature of gromd cover and munber and kind of livestock
species were attached to the Idaho JES questionnaire. Examples of these
materials and the editing instructions for the supple~ntal questions
are shown in Appendix II, Exhibits A-C, pages 84-97.

The fr~ contained two strata: the range stratum and the cultivated stratum.
The cultivated stratlDll was further divided into five domains as follows:

Ibmain

A

B

c

D

E

Description of Ibmain

Man-madecover In a relatively small field.

~mn-madecover In a small part of a larger field.

M:>rethan five percent natural cover within
the field (not classified A or B).

Trees or brush in the fie ld bolIDdary, but five
percent or less cover (not classified A or B).

Five percent or less cover and no border cover
(not classified A or B).

Gromd data collection began in late Maywith the enlDlleration of the .JES
segments. Following the JES, a subsaJ1l>leof 38 se~nts was selected
for aerial photography and re-en~ration. Se~nt selection was with
lIDequal probahili ty in order to obtain data for Ii vestock and field cover
not commonin the survey area. Instructions for listing segments by
classes and selecting the sample segments for photography are shown in
Appendix II, Exhibit D. page 99.

Specifications for the aerial photography included simultaneous black and
white stereographic coverage and a subsample of color coverage; the former
at a scale of 1:6000. the latter at 1:3000. 3/ Each flight had an aerial

3/ See Appendix I, page 81.
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observer to locate concentrations of livestock for separate photography.
J~wever, the ai rcrafts Jimi ted space did not allow the observer to
flIDction as planned. He rode backwards, could only see out one side of
the plane and not directly below it. The observer's role, near the end
of the photography phase, was reduced to detennining whether photography
could be taken under less than desirable weather conditions.

The aerial photography was obtained about two weeks after the JES and
necessitated a re-em.uneration corresponding to the date of flight. An
attempt was made to measure changes in livestock numbers for the tracts
between the dates of the JES and the aerial photo survey (APS). Moreover,
when differences in tract totals for the JES and re-enumeration survey
(RES) could not be explained by livestock JOOvement,fOllOW-upvisits were
made. Even then, ditficulties were encolIDtered in obtaining accurate
livestock JOOvementinformation. 41

Using the acquired photography, the School of Forestry at UCdelineated
the segment and count-cell boundaries on black and white prints and
color photo strips. The center cell was drawn on all black and white
exposures of a segment to prevent underlap and overlap. They then perfonned
the initial photo interpretation. For each exposure, the livestock counts
by species were recorded and later sUlll1larizedand expanded to segment
totals. Photo interpretation of color strips was independent of that
for black and white prints.

{~on completion of photo interpretation at UC, all prints were sent to
Standards and Research Division (S&RD)of the Statistical Reporting Service
(SRS). Field bOlIDdaries, corresponding to those enumerated during the
June Em.ll~rative Survey were added to each exposure identified as
containing livestock. Further interpretation, following UCprocedures,
provided remote sensing data by domains. ~

The following is a list of major activities for the 1969 Idaho Aerial
Photo Livestock Survey:

41 Re-em.uneration instructions and questionnaires are shown in
Appendix II, Exhibits E and F, pages 103-106.

51 Photo interpretation instructions and fonTISare shown 10

Appendix II, Exhibit G, page 114.
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l. May20-22:
2. May 23:

3. May26 -
Jtme 6:

4. Jtme 7:

s. June 8:

6. Jtme 9-17:

7. June 13-20
8. Jtme 30 -

August 1:

State JES Training School for enumerators.

Additiona! training for emuoorators taking part
in the aerial photo livestock survey.

Field enumeration for the JES.

Selection of sample segments for photo coverage
and grotmd observations.

Supplemental instructions given to membersof
grotmd crew.

~ather and other conditions pennitted five days
for aerial photography.

RESin previously selected segJrents.

Photo interpretation by School of Forestry at
the University of California.

The basic data came from four sources:

1. JES (tmadjusted data): the results of the initial survey.

2. JES (adjusted data): the results of the initial survey interviews
adjusted by adding or subtracting changes in livestock movement
occurring between the date of aerial photography and the JES.
This was an attempt to update the original survey data to the
date of the flight.

3. RESdata: the results of a second interview near the time of the
photo flight. Questions on livestock mnnbers corresponded to the
date of flight, while livestock JOOvementcorresponded to the interim
of the initial survey and the flight date.

4. RemoteSensing data: photo interpreter's cOlmts for livestock by
species obtainpd from black and white prints. Segment totals for
the above are shown in tables 4 and 5, pages 34-41, along with
notes describing data problems and inconsistencies.
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R. ~omputational Procedures

1. Estimates of Totals: The data were expanded hy 5e~nts hefore
making comparisons since the selection of tmits was with tmequcll probability.
Suhsequently, they were summedto provide inventory estimates of cattle,
sheep, swine and hones (total, mature and young) for the cultivated and
range strata. The data for fields in each domain of the cultivated stratum
were expanded by segIrents and slUlJlledto estimate inventories.

The expanded data by domain may be expressed as Yojk=E 0 F 0 yo 0 , where ¥ 0 0 k
1 J J 1Jk IJ

is the expanded number of livestock in the i-th species-class, j-th segment,
k-th domain; Eo is the reciprocal of the probanility of selectingilie

- J
segment; Fj is the reciprocal of the probability of selection at the 2nd

stage; and YoOkIS the observed number of livestock in the i-~h species-
IJ

class, j -th segment, k-th domain. The expansion over all domains for the
5

i-th species-class, j-th segment is ¥o 0 = E YiJok. The estimated inven-
IJ. k=l

tory of eadl species-class by domain was obtained for each data source by sum-
ming over all segIrents in the stratum. This is denoted as

n n
Yo k = E YiJ"k. Finally, ¥. :r:: 1: Yo0 is the estimated inventory of
1. 0 1 1••. 1 1J.J- J=

the i-th species- cl ass over all domains. Table 8, page 49, st.llIUTlarizesthe
observe<! number of lives tock for the cultivated stratum; table 9, page 51
provides a summary for the range stratum.

2. Estimation of Variance: Presented in tables 10-15, pages 53-60
are the variance estimates of the estimated totals from each data source
for the range stratum, cultivated stratum, and domains A, B, D and E of
the cultivated stratum. Also included in these tables are the estimated
standard deviations and coefficients of variation.

In the cultivated and range strata, the estimated variance of the estimated
total over all domains is:

,~jj~.i·iI _
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VarCr. )
1••

= ~

n 2
nE y.,

. 1 IJ.J= n J- (E y., )
j =1 IJ.

n .

n-l

where ¥. IS the estimated total of livestock in the i-th species-class;
1••

Y .. is the expanded munber of livestock for the i-th species-class, j-th
1J.

segment; and n is the number of segments in the sample.
Each estimated total by domain involves two random variables, Y'.k andIJ
M.jk = EjFjm.jk ' whereas the estimated total over all domains involves

n
only one random variable Y .. = E YiJ'k In this case Y··k is as pre-

1J. j-l 1J
viously defined. M is the expanded number of fields in the j-th segment-k --.]
k-th domain, and m.jk is the observed number of fiel~~ in the j-th segment
k-th domain. Since, by domain, each of these random variables contributes
to-rhe variance of the estimated totals, the estimated variance of a total
for a given domain is:

~ar6\ .M k) = VareY. k) + VarcM k) - 2 Covey, kM k)· ~.1<:& •• 1•.. 1•••

The first tenn on the right of the equality can be written as:

6/ Approximate equality for known variance and covariance relative
to estimation of variances and covariances.
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9ar(Y. k)1. =

,- j..
n 2 n 2

n r.Y .. -( l.:Y .. )
~=i IJk j=l n1Jk

n-l

the second tenn:

Var(M )
.• k •

n [~lM.j/-
n-1

n ~j-( EM· k). 1 .JJ=
Il _

the third tenn:

~

n EY .. M.
j=l IJk .Jk -ln n

- ( t Y .. k) ( I: M .k)
j=l IJ j=l .J

n .~

n-l

For certain srecies and classes the scarcity of non-zero reports madesome
estimates extremely imprecise. Consequently, for these items estimates of
variance, standard deviation, and coefficient of variation are not shown.

3. Estimation of Correlation Coefficients: The magnitude of the cor-
relation coeffICIent IndIcates the degree of relationship between various
data sources. For the cultivated stratlDTl, an estimated correlation coefficient
greater than .486 implies with a probability greater than .99 that the true
correlation coefficient is greater than zero. TIlis is the one percent level
of significance. The five percent level is attained when the estimated
correlation coefficient is greater than .383. In the range stratum, the one
and five percent significance levels are attained with estimated correlation
coefficients greater than .707 and .575, respectively. Correlation matrices
are shown in tables 16-23, pages 61-68.

In the following correlation coefficient estimate, Xijk and ¥ijk represent

the expanded numberof livestock in the i-th species-class, j-th. segment, and
k-th domain for their respective data sources X ani ¥.
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n n n
L Xijk Yijk - (L X 0 0 k) (L Y. 0 k)

j=l j=l IJ j=l IJ
n

p ••

1 lIn 2 n 2 [n 2
n 2

\ j:l
Xijk - (L x. ok) L Y. (r Yo. k) 1/2. I 1J j=l Ijk o 1 1)J= J=

l n n

For certain species and classes in the range stratum and domains B, C, D
and E of the cultivated stratum, the correlation estimates were based on
only a few positive values, therefore, these estimates are not shown.

II. RESULTS
A. Estimated Totals from Remote Sensing and Ground Data Sources
In evaluating the feasihility of remote sensing with respect to livestock
inventories, the estimated totals provided by remote sensing were compared
to those provided hy ground data sources. The remote sensing data (RS)
was taken from black-white photos; the ground data from the re-enumeration
(RES). The RES was used for the comparison since it provided data ohtained
for the date of photography.
Tahles 4 and 5, page 34 & 4lshow the ohserved numher of livestock hy photo
counts and RES. The following list provides the mnnber of segments, .from
a total of 38, for which the photo count was greater than or equal to that
of the re-emnneration.
Livestock Specie Cultivated Stratum Range Stratum
Cattle - Total 1 3

Young 3 2

Sheep - Total 2 0
¥OtIDg 0 0

Swine - Total 3 0
Yotmg 0 0

Horses - Total 4 3
Young 4 1
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The totals estimated by remote sensing and by grolmd data can be compared
by observing the percent cOlmted 7/, shown in table 1 below. These are
based upon the estimates in tables 6 and 7, pages 45-48.
Tahle 1.--Percent counted: Ratio of estimated totals of photo COWlts to

re-enumeration.

.
?otal :YOlmg:Total :YOlmg:Total :Ymmg :Total :Ymmg
:(percent) (percent) (Percent) (Percent)

Strata
and domai n

Cattle Sheep Swine Horses

Range stratum-all 54 28 90
Cultivated stratum-all : 40 38 31 7 8 0 6]
Domain - A 38 70 21 6 10 0 29
Oomain - B 19 4 7 9 0 0 63
Domain - C 0 0
Domain - D 43 15
llomain - E 70 45 99

164
20

474

Observing Table 1, several conclusions can be made. The percent cOlmted was
low for each species-class with the exception of colts in the cultivated
stratum - all domains and totals horses and colts in domain E. A greater
percentage was obtained for total animals than for young animals. In genera] ,
photo interpretation fm.md fewer animals than did any of the ground emuneration
methods. Misinterpretation resulted in misclassifying some cattle as horses
and apparently caused the higher percentage for total horses.
The .ms seemed to miss many YOlmg cattle. During re-enumeration a special
e Hart was made to obtain accurate calf counts. The photo count total for
young cattle exceeded the estimates of JES and tended to support the greater
estimates of the re-enumeration survey.
B. Relationship Between Remote Sensing and Ground Data
The stlKly of the relationship between remote sensing and ground data provides
one method of determining the practicability of applying remote sensing to
Iivestock inventories. Quite naturally, the correlation coefficient arises
in the investigation. In the cultivated stratum, when the estimated correlation 4
coefficient exceeds 0.486, the population correlation coefficient is greater
than zero unless a certain event with a probability of 0.01 occurred. An

7/ Percent cOlmted is equal to the quotient of count by remote sensing (RS)
and count by re-enumeration (RES) times 100.
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estimated correlation coefficient greater than 0.383 implies the population
correlation coefficient is greater than zero unless a certain event with a
probability of 0.05 occurred. In the range stratum, the one and five percent
significance levels are attained when the estimated correlation coefficients
are greater than 0.707 and 0.S75, respectively. The one and five percent
significance levelS are indicated by a double and single asterisk, respectively,
in the correlation coefficient matrices, Tables 16-23, pages 61-68.
The relationships among the types of ground data are considered first. In
theory, the JES-adjusted for movement (JES-adj.) and tbe RES should have
been identical; that is, the correlation coefficient should have been +l.
However, the observed data and estimated totals plainly indicate the two
are not identical. If these two types of ground data are not contradictory
and measure livestock mnnbers accurately, then, as random variables, they
should at least be highly correlated. In those cases for which enough data
was available to estimate the correlation coefficient between ,TES-adj. and
RES with precision, most items were significantly correlated, i.e. the
correlation coefficient was estimated to be different than zero. The
exceptions were: 1) total cattle and total sheep in the range stratlnn, and
2) colts in domain A, calves and lambs in domain B, and total horses in
domain 0 of the cultivated stratmll. Colts in domain A were significantly
correlated at the five percent level. Total cattle in the range stratmn and
total horses in domain D had nonsignificant positive correlation.:;. Total sheep
in the range stratlIDland lambs in domain B had small negative coefficients;
whereas, the calves in domain B had a -0.600 coefficient, which is significatly
less than zero at the one percent level.
The difficulty in obtaining accurate livestock movement data partially
accounts for the difference between the JES-adj. and the RES data. The
movement questions were utilized to obtain the difference between the
JF:S-unadj. and JT:S-adj. The JF:S-unadj. and the JFS-adj. should be well
correlated when there is a constant amount of movement wi thin each segment,
or when there is little reporten movement; the same would hold true for
the correlation hen~een JES-unadj. and RES data. Table 2a on the following
page lists the species-classes by stratlIDl-domainwhich were significantly
correlated between JES-lmadj. and JES-adj. at the one percent level; Table 2b
lists the species-classes which were not significantly correlated between
,mS-unadj. and ,TI3S-adj. Tables 2c and 2d do the same respectively, for the
relationships between JES-unadj. and RES data. From Table 2 and Tables 16-23,
several observations can be made. 1) Several species-classes which were
significantly correlated hetween JES-lmadj. and .mS-adj. were not significantly
correlated between JES-unadj. and RES. Those species-classes are as follows:
in the cultivated stratwn - calves in all domains, lambs in domain B,
total horses in domain 0, and total cattle in domain E; in the range stratum
total cattle and total sheep. Since these species-classes were significantly
correlated between ,mS-lmadj. and JES-adj., this was interpreted to mean the



Table 2.--Relationshios between types of grolmd data. !!
Table 2a. --Soecies-c1asses significantly correlated between JES-lUladj. and JES-adj. Cl = n.Ol

Total horses Total horses

Cultivated
All I))mains Domain A I))main B
Total cattle: Total cattle Total cattle
Calves Calves
Total sheep Total sheep Total sheep
Lamhs Lambs Lambs
Total hogs Total hogs Total hogs
YOlmg hogs YOlmg hogs
Total horses: Total horses Total horses
Colts

Domain D
Total cattle
Calves

DOI'na in E

Total cattle
Calves

Range
StratlDTI

Total cattle
Calves
Total sheep

I

l-'
0\,

Table 2b.--Species-classes not significantly correlated between JES-unadj. and JES-adj.

All fumains I))main A

Colts

Domain B
Calves

Domain D fumain E

CoIts

Range
Stratum

1/ Dewain C and several species-classes were omitted from these tables hecause there were too
few observations to estimate the correlation.



Table 2c.--Species-classes significantly correlated between JES-unadj. and RES

CUltIvated Stratum Range
All Domains Domain A Domain B DomaIn D Domain E Strattml

Total cattle: Total cattle Total cattle Total cattle
Calves Calves Calves Calves

Total sheep Total sheep Total sheep
Lambs Lambs
Total hogs Total hogs Total hogs .
Total horses: Total horses Total horses :Total horses:
Colts

Table 2d.--Species-classes not significantly correlated between JES-unadj. and RES
I

~-..J
I

All DomaIns
Cultivated Stratum

Domain A Domain B DomaIn D Domain E
Range

Stratum
:Total cattle: Total cattle

Calves

Colts

Calves
Lambs

:Total horses:
:Colts

Total sheep
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reported IOOvement was negl igible or else constant wi thin each segment.
However, since these species-classes were not significantly correlated
hetween JES-unadj. and RES, we interpreted this to mean a significant
aJOOunt of movement occurred. The results of these findings are con-
tradictory, indicating either inaccurate reporting of J1l)vementor in-
accurate responses to the re-enumeration survey. 2) Remote sensing
(RS) data as an independent estimate of the livestock inventory can be
used as a check to detennine whether the inaccuracy was due to the RES
or the JES-adj. When one of the above listed species-class is significantly
correlated between RS ano RES but is not significantly correlated between
RS and JES-adj., this could be interpreted to mean an inaccurate reporting
of movement. When the opposite occurs and there is a significant correlation
between RS and JES-adj. but not between RS and RES, the implication would
he inaccurate responses to the RES. Of the previously listed species-classes,
the following were significantly correlated at the one percent level between
It') and RES, but were not significantly correlated between RS and JES-adj.
In the cultivated stratum - calves in all-domains, lambs in domain B,
and total horses in domain D and total sheep in the range stratum. These
findings lead us to helieve there was an inaccurate reporting of movement
for these species-classes. No species-classes were found which were
significantly correlated between R,) and JES-adj. but not significantly
correlated between RS and RES. Cattle in domain E were significantly
correlated between both RS and RES, and RS and JES-adj. Colts in domain E
and total cattle in the range stratum were not significantly correlated
for either.
3) RE') data provides a comparison with R') data, again via correlation
analys is. T f the correlation between RES and RC; is high, the implication
is that remote sensing is a feasible alternative for livestock inventories.
Ibwever , a low correlation would indicate the opposite.
For total cattle in the cultivated stratum all-domains and domains A,
D and E, estimated correlations between RS and RES data were significant
at the one percent level. Even though fifty-four percent of the total
cattle were counted in the range stratum, a correlation of .187 does
not suggest a very promising relationship between grOlmd enumeration and
the photo counts. This could be due to proration of the re-enumeration
data and partial photography for some range segments. In the range
stratum cattle may have heen frequently misinterpreted as horses.
l11C estimated correlation coefficient for young cattle in the range stratum
was significant at the one percent level. In the cultivated stratum,
s ingi.ficanc€'for all-domai.ns, and domains A and E was fotD1d. The coefficients
for domains nand B were derived from less data than those of other domains
and were non-significant.
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Significantly correlated at the one percent level were RS and RES data
for total sheep in domains A and B of the cultivated stratwn. Little
data was available for the range stratwn and the remaining domains.
For lamhs in the cultivated strattDllall-domains, and domains A and B,
the estimated correlation coefficients between RS and RES data were
significant at the one percent level. No lambs were reported in the
RES data or RS data for either the range stratwn or domains C, D and
E of the cultivated stratwn.
According to both RES and RS data, no swine were present in either
the range strattDllor domains C and D. The R.E..Sdata indicated the
presence of swine in domain B, however, none were cotmted on the photos.
In domain E, one hog was cotDlted, but none were reported in the RES
data. The correlations for total swine were close to, or equal to zero.
No YOtDlg swine were cotmted on the photos.
Total horses in domains A, D and E of the cultivated stratum had estimated
correlation coefficients significant at the one percent level. No
horses were reported by RES data in the range stratwn, but many were cotDlted
on photos. This occurred because cattle were miscla5sified as horses.
The estimated correlation coefficients for domain B were not significant.
No horses were present in domain C. For Y0tDlg horses, the estimated
correlation coefficients were not significant.
Tahle :)ast.nmtarizesspecies-classes for which a probahle relationship
exists hetween the RS and RES data. Table 3b, summarizes those species-
classes for which no relationship is probable. Several species-classes,
and domain C were omitted from the table since there was insufficient
data to determine if a relationship existed.



Tahle 3.--Indication of relationships between remote sensing and ground data
a. Relationship indicated

Range :
All domains: All domains A

CultIvated Stratum
B D E

Calves Total cattle: Total cattle: Total cattle: Total cattle: Total cattle
Total sheep: Calves Calves Total sheep Total horses: Calves

Total sheep : Total sheep : Lambs Total horses
Lambs Lambs
Total horses: Total horses:

b. ;-.Jo relationship indicated
I
No
I

Range
All domains All domains: A

CultIvated Stratum
B D E

Total cattle: Total swine: Total swine: Calves
Total swine Total swine:
Yotmg swine Young swine: Ymmg swine: Young swine:

Colts

CalVeS :Total swine
Total swine:
Young swine :Yotmg swine

:Colts
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C. Count Comparison Between Black-White Prints and Color Transparencies
Shown in Tables 24 and 25, pages 69 & 70, are the livestock cOlDlts of
the color transparencies and corresponding counts from the same area on
black-white prints. For color, an average count was used since the
transparencies were interpreted twice, each time by a different interpreter.
The ratios of COlDlts from color transparencies to COlDlts from black-white
prints are shown below:

LIvestock Specie-Class Cultivated strattun Range StratlDTl.
Cattle - Total ...••... 1.13 1.13

YOtulg •..•..•. 0.26 1.23
Sheep - Total .•.•..•• . 12.34

Young •..••... 15.50
Horses .. Total •..•..•• 0.71

The :loove data indicates substantial differences between the two types of
film. However, the differences are not statistically significant, as wi 11
he shown in the following statistical tests.
An attempt was made to determine if the mean counts for black-white photos
and mean counts for color photos differed significantly ina statistical
sense. Tables 26 and 27, pages 71 and 72, represent counts over photography
for specified segments and strata. The presence of two strata necessitates
two tests. The assumption basic to both populations concerns their under-
lying.distribution. We assume that eac~ ~asurement.v:ctor -- Yij, i = 1,2,....13 for the range stratum, and Yij' I - 1,2,3,4, J - 1,2, ..•2/, for the
cultivated stratum -- arose from a multivariate normal distribution with
mean vector 111"and covariance matrix E •• lienee, v '\,N(lJ1 ,r.1) and YZ' '\,

1 - l' J
N(112,E2). A further assumption involves equality of covariance matrices,
and tins will be hased on statistical evidence. All tests in this
section were conducted at the 95% significance level.
The ran~e stratum test for equality of mean count differences was made
first. Data for the range stratum indicates all entries for total and
youn~ sheep were zero for ooth black-white and color prints. Therefore,
the mean of each population is zero, hence, the difference of means is
zero. This implies that the counting of sheep (total and young) can be
done as accurately on black-white as on color photography. fbwever, the
individual counts for total and young cattle were both zero and non-zero.
Thus, the means are non-zero and differ for each sample. Consequently,
it is desirable to know whether their differences differ significantly from
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zero. In order to ascertain the viability of our assumptions, we first
tested for equality of covariance matrices under the null hypothesis
110= [1 = [2 against the alternative H,= [1 r [2, where E1 and L2 denote
to covariance matrices for the black-White and color photography,
respectively. The test statistic involved, V = 2.3026 mM, approximates
a Chi-square distribution with p(p+l) degrees of freedom. A few definitions

2
are in orner.

(1) M = (n1 + n2 - 2)10g10 Isl - (n1 - 1)10g10 1511 - (n2 - 1)1ogl0 I S2'

where Sl and S2 are covariance estimates of 1:1 and 1:2 and nl ""n2 = 13,
the number of responses;
(2) 5 = r (n - 1) 5 + (n - 1)52]; and finally112

-(n1 + n
2

- 2)

(3) m = f 1 +
-(n-

1
---l~) f

2f2 + 3p - 1 1
6 (p + 1) wi th p ::: ?

For the range data, the calculations yielded

l 511 = 114,271.03 2 •896. 70 I ::: 3,880,238.68,2,R96.70 697.44

i S21 :: \17,185.57 4 ,700.88 I ::: 1,562,316.27, and4,700.88 1,630.97

Is I == 115,728.30 3,798.79/ ::: 5,929,657.033,798.79 1,164.21
A five place logarithm tahle (base 10) allows approximations:

(1) log10 I s I ::: 6.19372
1

(2) 10gl0 I s21 = 6.77302
(3) 10gl0 Is I = 6.58885
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After performing the necessary arithmetic operations the value for
2M = 2.53 and m = 0.91. Consequently, V = 5.30 < 7.81 = x and, by

virtue of this result we conclude no significant differente exists
between tl and r2.
Having concluded the basic assumptions are viable, we proceed to test
for mean comt differences between black-white versus color photograph~;
that is, we test for equality of mean vectors under the hypothesis.

~ = ~ where ~ = (~ , u ) and u = (u ,u ) against
1 2 1 11 ,12 2 2 1 22

H: u 7'~.112

fbtel1ing's T2 statistic was employed in testing the above hypothesis.
For our case, the statistic reads TZ = T2 =(p,n1 + nZ - 2) (2,24)

-1

and

T2 ;;,(6.5) (-7.96, 2.12)
(2.24)

spp

~ = Y1k - Y2k' k = 1,2 •... ,p.

The data from the range stratum yielded the

(
15728.30

3798.79

following T2:
3798.79\-1

J1164.21/
- 7 •96 \

!

2.12/

/ 0.00030 -0.00098 '\
- (6 . 5) (- 7. 96, 2. 12) I )

~-0.00098 0.00405 i

-7.96

2.12
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·JIlII"""---------------- --··---:1
I
I
I

I

= 0.3849 < 7.142 = r2
(2, 24)

we accept the null hypothesis, and conclude that no significant difference
exists between the mean counts on h1ack-white and color photo~ra~hy in the
ra.n~e stratum.
In testing fat mean count difference in the cultivated stratum, the basic
asslOIlptionsare the same as those for the range stratum. Equality of
covariance matrices was tested first, using the approximate x2 statistic
V = 2.3026 roM. In this case p = 4, and nl = n2 = 27, where: M = 52 loglO
Isl - 26 log10 IS11 - 26 logiO IS21 and S1' S2 are sample covariance matrices

for the two treatments; and m = .96. The determinants of the cultivated
data covariance estimates follows:

245. 72 133.00 -5.20 -0.32
(1) Sl I ,;;, 133.00 130.08 -1.85 -0.12 = 437.91-5.20 -1.85 9.48 0.59

-0.32 -0.12 0.59 0.04
378.50 31.36 259.71 11.31

(2) , 521 ,;,
31.36 3.87 27.86 1.25 179395.62 and259.71 27.86 755.95 51.79 =
11.31 1.25 51. 79 4.40

(3) S = 1/2 S + 1/2 S so that
1 2

312.11 82.18 127.26 5.50
Isl 82.18 66.98 13.01 0.57 176]826.40- 127.26 13.01 382.72 26.15 =

5.50 0.57 26.15 2.22
Our calculations yielded the following:

M ,; 52 (6.25) - 26(2.64) - 26(5.25)
. 324.79 - 68.64 - 136.50 = 119.65=

Consequently V = (2.3026)(.96)(119.65) = 264.49, which is greater than
18.307 = X]02. Thus. we reject the null hypothesis

l~ : L = L and asStnne L :; L
I 1 12 11 12

j~:'ilIi _
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Asswning 1: ~ 1: , it is necessary to randomly pair the observations.
11 12

Table 26, page 71 reflects the fact of randomization when one cOllfJares
segment ntunbers for a given sample number. Now the procedure for testing
mean count difference is.exactly the same procedure used for the same test
on the range stratum. The statistic is 12 ~ 10.80_ Wht!te 12 ell

(4,52) (4,52)
13.5 D2• we computed n2 from this data arriving at:

-0.87 fo.1897 x 10-17 -0.1977 x 10-16 -0.3671 x 10-9 0.1766 x 10-1 to.87
n2 ~ 2.17 0.1977 x 10-9

16 0.2345 x 10-15 0.4348 x 10-8 0.5650 x 10-15 2.17
2.69 0.3671 x 10- 0.4348 x 10-8 0.5278 x 10-150.1064 x 10-7 2.69

-0.06 0.1766 x 10-1 0.5650 x 10-15 0.1064 x 10-7 0.1977 0.06
The 4x4 matrix so closely approximates the zero matrix, that for our purposes
we shall consider it such. Thus, since T2 = 10.80 > 0 ~ 13.5 n2, we

(4,52)
accept the null hypothesis that no significant difference exists between
mean counts for the black-white and color photography over the cultivated
strattDll.
IV. Two-and-One Interpreter Count Comparison
A random sample of nearly one-third the black-white prints was selected for
reinterpretation. They were then randomly assigned to the three interpreters
making photo counts. This exercise in reinterpretation provides an indication
of the counting consistency between interpreters and of the cotDlting con-
sistency of the individual interpreter.
In the olltivated stratum, 22, 21, and 19 photos were reinterpreted by
interpreters number 1, 2 and 3, respective1v. For the range strata, counter
1 reinterpreted 59 prints; counter 2, 54; and counter 3, 59. The photos to
be reinterpreted were interspersed with the regular photos during the counting
operation and were not identified as such to the counter. Photos that were
reinterpreted by the person assigned the regular count were presented at
separate points in time. The comparisons between interpreters are shown in
TahJes 2S through 30, pages 70-75 . Comparisons of interpreters' counts
at different times are presented in Tables ~l through 33, pages 76-80.
The data, ~lthough limited, seem to indicate that interpreter 1 had a tendency
to count more horses and counter 2 tended to find fewer cattle than the
other interpreters. Counter 2 was inconsistent; classifying some animals as
cattle for the first interpretation and sheep for the second interpretation.
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A statistical test was nm to detennine whether cOlDltersCi, i •••1, 2, 3
were comting consistently on black and white prints the nUnberof cattle
(total and young) and sheep (total) in the cultivated stratum, and cattle
(total and young) in the range stratum. For this a multivariate analysis
of variance (MAMJ'VA) test for meandifferences was used. The test involved
randomlyassigning one of three comters to a randomlychosen photo for
re-interpretation. Thus, whenC2 checkedon C1, we entered under Cl - C2the difference in counts for that photo. Weasstunedorder of cOlDltlng
inconsequential; that is, if C2checkedon C1, the entry wouldbe the
difference C1 - CZ, and if C1Checkedon C2 the entry wouldbe - (Cz - C1) •••
Cl - Cz (see tables 34, 3S, pages 79-80). The test required two further
assumptions. The first was that observation vectors are normally distributed.
The second concerns equality of covariance matrices, and this asstlllption
was based upon statistical evidence.

we begin by testing in the cultivated stratum. This test concerns con-
sistency betweencomters and these treatments read Ci - C·, i •• 1, 2, 3
j ••2, 3, 1 in that order. All tests were conducted at th~ 95 percent
significant level.

Let E~, E2' and E3 represent the covariance matrices for the populations
CI - c2' c2 - C3' and C3 - Cl respectively. we test then the hypothesis
Ho: El" 1:2 •• 1:3'

The test statistic is:

v = 2.3026 - 1
(m - m

E
i=1

1
(ni - 1)

nl = 17, n2 ••13, n3 ••10, P ••3, m •••3;

I sl -

In the above statistic



86.27
28.86

0.96

15
2 t • J. 3:~~

0.51

1531 • \6.685.54
3.24

151 = 40.94
13.92
1.04
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28.86 0.96
15.37 2.45
2.45 49.47

0.29 -0.51
16.14 -0.48
-0.48 1.92

5.54 3.24
8.01 2.98
2.98 1.60

13.92 1.04
13.83 1.63
1.63 22.41

• 23972.73

lllt HI6.18

= 0.08

= 8263.907

m
1: (ni - 1) 5iwhere 5 = _i_-_1 , and·51' 52' and 53 are sample covariance
m
1: (n. - 1) matrices.

i = 1 1

Wereject the hypothesis if t~e test statistic V exceeds the upper
fractile of the appropriate X -distribution having (m- 1) pCp+ 1)

2
degrees of freedom. For this case, there were 12 degrees of freedom.

A five-place 10glOtable gives the following:

(1) 10g10 f5ll'" 4.38

(2) 10g10 1521 • 2.27

(3) 10g10 1531 • 1.10

(4) 10g10 15 I ...3.92

C~lculations yielded V - 2.3026 (0.88)(73.60) - 148.30. 5ince 148.30 >
X • 21.03 we reject "0 and assune inequality of covariance matrices.

0.05,12
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Assuming inequality of covariance matrices, the problem is the so-called
Behrens- Fisher problem. For a detailed account of the testing procedure
for this case see "An Introduction to Multivariate Anal~iS" by
T. W. Anderson pages 118-122. Another reference would "The Application
of P-bltivariate ~SiS of Variance Methods" by David U.H:i.JIIIeI5erger
pUbfisftetl by the te sensing Group, Research and Deve1op11entBranch,
Statistical Reporting Service, in September 1971.

A conputer program designed for the Behrens-Fisher problem simplified
the calculations. The condition that n1 < n2• < n3 DlJSt be satisfied
for the Behrens-Fisher problem. Thus, a reorctering of treatments was
necessary. Let vi' i •••1, 2, 3 represent the means of the populations
Ci - Ci, i • 3, 2, 1, j •••1, 3, 2 in that order. Now, nI' • 10, n2' •••13
and n3 • 17. Rather than test the null hypothesis Ho: lJ 1 or lJ2 •• lJ ~
the two degrees of freedom due to treatments were partitioned into s1ngie
degrees of freedom orthogonal contrasts: "1: C1 J.ll - C2 lJ2 - C3 lJ 3 •• 0
and Hz: C2' lJ2 - C3' lJ3 = o.
The contrast coefficients Ci, i •••1, 2, 3 for H1are as follows: CI ..•
nl'K1, C2 • nZ'KZ and C3 •• n3'K3 where K1 •• 3, ~2 •• 1 and K3 •• 1.

The resulting 12is 3.921 with 3 variates and 9 degrees of freedom. The
tabular value for T2 •••16. 766, therefore, we accept HI.

[0.05 (3,9)]
The contrast coefficients for H2 are CZ' •••n2'KZ' and C3' •••n3'K3' with
KZ' •• 17 and K3' •• 13. TZ. 6.657 which is less than 13.350 (12 ) •

[0.05 (3,120]

Hence, we accept HZ and in so doing, conclude the ,roup mean vectors are
equal.

The test for the range stratum differs from the test on the cultivated
stratllll only in input data. 5ince ccnmts for sheep (both total and yamg)
were zero for all prints in the range stratwn, the test in the range stratlll1
dealt only with total and young cattle. Again, it was desin.ble to test
for equali ty of covariance matrices to detennine whether the basic ass~tions
were viable. The test hypothesis is "0.: L} "" 1:2 lit 1:3 against the alternative
"a: r} ~ r 2 ~ r 3 • 51' 5Z and S3 are the sample covariance matrices for the
respective sample populations Cl - CZ' Cz - C3, and C3 - C1• The statistic
V is as previously defined. However, in this case ~ •••31, nZ •••35,

n3 '"' 42, P • Z, m = 3. The detenninants of SI' 52, S3 and S follow on next
page.
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\
6.28 2.17 I .. 2.70 (2) Is21 • 113.• 89 2.361 == 10.54
2.17 1.18 2.36 1.16

1
1.81 0.591. 0.05 (4) Is I • ·1 6.98 1.621- 2.960.59 0.22 1.62 0.8

Calculations for V yielded V· 2.3026 (.97)(56.25) •• 125.66. Since
125.66 :> 12.59 • X2 we reject Ho, and asS\DDeunequal covariance

0.05,6
matrices.

Again the Behrens-Fisher problem arose in the test of the null hypothesis
H_: U == 11 •• 11. Ibwever, the two degrees of freedom due to treatments-""() 1 2 3
were partitioned into two othogonal contrasts: 1\: Cl)lt - C2).12 - C3lJ3 = 0
and HZ: CZ'u2 - C3'u3 = O.

The contrast coefficients for 1\ are C1 •• n1Kl, Cz •• nZKZ and C3 ••D3K3
where Kl =- 77, KZ == 31, and K3 == 31. The resultant 1Z == 5.4Z5 which is
less than 1Z •• 6.885. Hence, we accept HI'

[0.05(Z,30)]

The contrast coefficients for "2 are CZ' == nZKZ' and C3' = n3K3' with K2' == 42
and K3' •• 35. Calculations for T2 mder H2yield 0.198 which is less than
TZ '" 6.772. Hence, we accept H2 and in so doing conclude the

[0.05(2,33) ]
group meanvectors are equal.

The conclusions of these tests indicate there was consistency between counters
for total and yotmgcattle and total sheep in the cultivated stratum, and for
total and young cattle in the range stratum.
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EXAMPLEOF A rooBLE S»1PLING ESTIMATE

Another use of remote sensing data is in a double saJl1>lingestimator as
the cheaper 8/ source of data. In double sampling a large sample is
used for thecheaper (lower cost per samplingmi t) data and a subs~le
of the large s3q)le is selected for the morecostly (higher cost per
smnplingmit) data. Infol'llation from the larger sample can be used in
the sample selection (stratification, systematic or probability proportional
to size) or in difference, ratio or regression estimation. In the follow-
ing discussion double sampling, with regression estimation and si~le
randomsampling is considered.

Doublesamplingwith regression estimation can be discussed with greater
simplicity for simple randomsampling rather than the unequal probability
samplingused in this survey 9/. In double sampling, to estimate the
total numberof a particular species-Class of livestock in a specific
domainor for all domains, a simple randomsample of size n is selected
from the Nunits in the population and then n' < n tDlits (the units could
be segments) are selected by s~le randomsampling as a subsampleof the
n units.

If the cost ftmction involved can be approximatedby the relationship
C x C1 n + Cz n' , where C = total cost, CI = cost per unit (segment)
for the cheaper data source and Cz = cost per tmit for the mre costly
data source; then the opttmumsubsamplingrate from the larger sample
is approximately:

, where p is the correlation

coefficient. Although cost data are not discussed in this report, the
costs of obtaining remote sensing data per sampling unit could be 1IIJCh
less than for gromd data if the data has DD.11tipleuses such as livestock
inventory, crop identification, soil mapping,or other agricultural and
non-agricultural uses.

8/ In somecircunstances remte sensing data could be used as the more
costly data source.

9/ In this survey a fonn of double sampling was used with all the entunerative
segments in the four county area in the larger sample.
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For estimated totals of the numer of a particular species and class in a
particular danain or in all domains, let:

yu • the double sampling regression estimate,

Y' • the estimate from the sample of size n' from ground data
(re-ent.lfteratian survey data),

X' = the estimate from the sample of size n' from remote sensing
data and,

X = the estimate from the sample of size n from the remote
sensing data.

The estimate of Y, the true population total, can be expressed as:

,.
Y" lit Y' + b (X - X'), where b is the estimated coefficient of

regression of y on x (the observed values of grotmd data on retOOte
sensed data). It is expressed as:

b •

n'
1:

j-l
n'
1:

j=l

(X. - X') (Y. - V')
~ J

2
(Xj- X')

, where X" and Y' are

estimated means from samples of size n' for grotmd data and re11l)tesensed
data, respectively_ As an e~le, take n' 1: 27 segJOOnts. Then all the
estimated totals and the estimated coefficient of regression are available•.
exc~t X (the estimated total for remote sensing data for n segments)., ,.
Thus, for total cattle in the cultivated stratum--all domains, Y" = 271,540 +•.
2.38 (X - 108,153). For total sheep in the cultivated strat\D1\--al1 domains,
~, = 45.702 + 2.42 (X - 14,252).
The variance of Y" , the estimated meanfrom double sampling with regreSSion
estimation, is given approximately by

Var (1") lit Var (Y.)
J

n'
[ 1 - p

2
(1 - n')][ (n)]' whereVar cYj)
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is the knownpopulation variance and p is the knowncoefficient of correlation
between y. and X·. This approximation holds reasonably well whenn' is
sufficienhy lar~e. Whenevern is large relative to n', n' In is near zero
and the variance for a regression estimator approaches the value VaT ~I) '"
Var (Yj) (1 - p2). By substituting the estimated correlation coefficient, p

n-
for p , the variance of Y'" can he approximated as a fmction of Var (Yj) '"

n'
Var (Y'). The relationship of the variance of estimated totals is of course
analogous to the variances of the estimated means. Using the exampleof total
cattle in the cultivated stratum-all domains,

VaT (Y") • Var (Yj) [ 1 A2
- P ( 1 - nt)]

n' [ ( n )J

= Var (y. ) [ I - (.830)2 ( I - 27)]
J [ ( Ii)]

27

= Var (y. ) [ 1 - .6889 + (.6889 )(27)]
J [ n ]27

""Var (y.) (.3111 + 18.6003).

27 J n

Thus, whenn := 100, the variance of Y" from double sampling with regression
estimation wuld be about one-half the variance from n I: 27 segments for
the gromd (re-enuneration) data alone This statement is anologous to
stating Var (Y") •• Var (Yj). Whenn •• 50, the variance would be reduced

2n'
by about one-third. For total sheep in all domainsof the cultivated stratum,



-33-

Var (Y") III Var (Y.) ( 1 - (.969)2 (1 - 27))J
27 ( ( n]

• Var (Yj) ( 1 - .9390 + (.9J90 ) (21)]
27 [ n ]

III Var (y.)
J

27 .
(.0610 + 25.3530)

n

So, whenn III 100, the variance of the estimated total would be reduced
about two-thirds by using douhle sampling with regression rather than
estimation from the re-em.aneration survey alone. The additional cost
would be that of aerial photography and associated costs for 100 segments.
For a sample of n III 50, the variance would be reduced approximately two-
fifths. The approximate coefficients of variation for total cattle and
total sheep in the cuIti vated stratun are shownbelow for varying sample
sizes:

Re-enumerationAlone DoubleS

(n • 27) (n' III 27, n • 50) (n' •• 27, n •• 100)

Total cattle 32.8\

Total sheep 62.9\

27.1\

47.4\
23.1\
35.3%

10/ The coefficients of variation for double sampling are computedusing the
estimated totals from the re-enumeration survey because the double
sampling with regression estimation was not actually carried out.



Table 4.- Observed number of livestock by cultivated segments

Segment Type Cattle Sheep Swine Horses. . . .. . . . . .number of data : Total :Mature :Young Tota1:Mature:Young : Total:Mature:Young Total :Mature :Young
1540 JES unadj • 62 58 4 0 0 36 34 2"t

JES adj. 63 57 6 0 0 36 32 4RES 50 35 15 0 0 21 18 3:RS 24 24 0 0 0 IS 15 0·1541 : JES unadj. 7 7 0 0 0 0 73 73 0 4 4 0: JES adj. 135 135 0 0 0 0 115 65 50 6 6 0: RES 169 158 11 0 0 0 100 50 SO 4 0 4:RS 66 60 6 2 2 0 1 1 0 0 0 0· I1543 : JES unadj. 0 0 0 0 lJ.I~: JES adj. 0 0 0 0: RES 0 0 0 0:RS 0 0 0 0·
1544 : JES unadj. 42 39 3 0 2 2 0 2 2 0: JES adj. 42 39 3 0 5 5 0 1 1 0RES 54 48 6 0 3 3 0 1 1 0RS 35 33 2 0 0 0 0 0 0 0
1545 JES unadj. 100 60 40 0 0 1 1 0JES adj. 100 60 40 0 0 1 1 0RES 131 96 35 0 0 1 1 0

~ RS 31 24 7 0 0 12 12 0.
~- .
~ 1548 : JES mad j• 0 0 0 0: JES adj. 0 0 0 0RES 0 0 0 0RS 0 0 0 0

- Contmued



Table 4 (Cont'd).- <:bserved m.unber of livestock by cultivated segments

Segment Type Cattle Sheep Swine Horses
munber of data Total :Mature :Young Total:Mature:Young Total:Mature:Young : Total:Mature:Young

1550 = JES unadj. 225 206 19 2 2 0 23 23 0 7 7 0JES adj. 188 171 17 2 2 0 11 11 0 8 7 1RES 275 246 29 2 0 2 15 15 0 7 6 1=RS 181 164 17 0 0 0 1 1 0 3 3 0

1551 = JES unadj. 762 762 0 0 0 1 1 0= JES adj. 762 762 0 0 0 1 1 0= RES 762 756 6 0 0 1 1 0:RS 124 122 2 0 0 1 1 0

1554 : JES unadj. 0 0 0 0 0 0 0 0: JES adj. 10 10 0 0 0 0 0 0 I
VI: RES 52 46 6 0 0 2 2 0 tI'1
I: RS y (9) 18 (7) 14 (2)4 0 0 0 0 0

1556 JES unadj. 0 0 0 0JES adj. 0 0 0 0RES 0 0 0 0RS 0 0 0 0

1558 JES unadj • 0 0 0 0JES adj. 0 0 0 0RES 0 0 0 0RS 0 0 0 0

1561 JES unadj . 0 0 0 0 0 0 0 0 0 0= JES adj. 0 0 0 0 0 0 0 0 0 0RES 4 4 0 0 0 0 0 1 1 0:RS 0 0 0 0 I 1 0 0 0 0

- ContinuedY Only one-half of the segment was photographed. The numbers in parentheses ( )
are the actual photo COtDlts and the other numbers are their expansion to the segme.•.
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Table 4 (Cont'd).- Observed number of livestock by cultivated segments

Segment Type Cattle Sheep Swine Horses
mnnber of data Tota1:Mature:Young Tota1:~~ture:Young Tota1:Mature:Yount! Total:Mature:Young. .

2218 JES unad j . 90 81 9 3 3 0 0 0 0 4 4 0
JES adj. 90 81 9 0 0 0 0 0 0 2 2 0
RES 98 89 9 75 45 30 0 0 0 9 8 1
RS 7 7 0 30 25 5 5 5 0 1 0 1

2219 JES unadj . 156 155 1 7 7 0 2 2 0 5 5 0
JES adj. 156 155 1 7 7 0 2 2 0 5 5 0
RES 151 119 32 0 0 0 0 0 0 9 8 1
RS 63 60 3 2 2 0 0 0 0 1 1 0

2221 JES unadj. 989 942 47 16 11 5 0 7 7 0 I
~: JES adj. 989 942 47 16 11 5 0 7 7 0 0\
I: RES 1132 992 140 16 13 3 0 7 7 0

: RS 543 476 67 0 0 0 0 0 0 0..
2222 : JES unadj. 104 103 1 53 53 0 16 16 0 8 8 0

: JES adj. 104 103 1 53 53 0 16 16 0 8 8 0
RES 91 79 12 53 30 23 15 2 13 7 7 0
RS 50 35 15 0 0 0 0 0 0 7 2 5

2223 JES unadj . 369 359 10 0 0 0 0 34 34 0
JES adj. 395 372 23 0 0 0 0 3S 3S 0

~~ RES 416 222 194 0 0 0 0 36 36 0
RS 202 150 52 0 4 4 0 11 9 2

2225 JES unadj . 164 163 1 856 290 566 12 12 0 7 7 0
JES adj. 111 109 2 822 290 532 8 8 0 7 7 0
RES 115 109 6 60S 405 200 7 7 0 8 8 0
RS 58 31 27 246 233 13 0 0 0 4 4 0

- Continued
t,





Table 4 (Cont'd).- Observed number of livestock by cultivated segments

Segment Type Cattle Sheep Swine Horses.. ..
Tota1:Mature:Young . .number of data Tota1:Mature:Young Tota1:Mature:Young Tota1:Mature:Young

3397 JES unad j . 0 0 0 0
JES adj. 0 0 0 0
RES 0 0 0 0RS 0 0 0 0

3399 JES unadj . 190 190 0 80 80 0 0 0 0 0JES adj. 190 190 0 80 80 0 0 0 0 0
RES 100 100 0 115 115 0 0 4 4 0RS 125 110 15 0 0 0 0 28 21 7

3422 JES unadj. 142 112 30 0 0 1 1 0 I

JES adj. 144 112 32 0 0 1 1 0 t;l
00

RES 144 120 24 0 0 0 0 0 I

RS 102 94 8 0 0 0 0 0



Notes Relating to Segments Listed in Table 4

Segment

1541 One tract had 0 cattle, 4 horses, and 73 swine on JES
questionnaire, but showed 154 cattle, 8 calves, 4 horses,
and 100 swine including 50 young pigs on RES. Most of
the cattle (130 head) were in a feedlot not reported in
the JES. The change was not explained by the movement
questions.

1545 One tract had 21 cattle along a roadway at the time of re-
emuneration. The cattle were not reported in the JES and
apparently were not in the tract at flight time.

1550 Sixty-six cattle including 19 calves were reported in the
.IES for one tract but for the JES input were punched as
zeros. The data are included in Table 1 as punched (zeros)
to reflect all sources of errors in the processed JES. The
tract reported 93 cattle including 17 calves in RES.

1551 One tract was a refusal during both the .JES and RES. This
tract contained a two-acre feedlot in which 750 cattle
were estimated. Subsequent aerial photography indicated
substantially fewer cattle in the feedlot.

1554 Because segment boundaries were not fenced, 130 cattle could
have been in or Ollt of the segment at flight time. None of
these cattle were reported in the JES. For the RES, 52 cattle
including six calves were prorated by areas in the segment.
Because no livestock were reported in the JES, one of the
two possible flight lines was selected for photographic
coverage. Thus, the RES report is based on a proration and
the RS count is based on a two-times expansion.

2218 For one tract no sheep were reported in the JES but 75 were
reported in the RES. Followup indicated the sheep were in
the tract at the time of June enumeration.

2221 .TES reported S6 cattle for one tract. RES indicated seven
cattle in the tract but movement questions did not reveal any
cattle to have been moved from the segment between the two
surveys. These 49 head were later verified by a followup.
Incorrect delineation of photographs missed the feedlot con-
taining the seven head. One large feedlot in domain A had
more than three-fourths the cattle in this segment.

-39-
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Segment
2225 One tract had 430 total sheep including 230 lamhs in JES,

but RES showed only 215 sheep including 30 lambs. Fo11owup
revealcd that 200 lambs were marketed betwetm the two surveys
which were not reported on the RES movement questions. In
another tract, 266 total sheep (all lambs) were reported in
.ms. RES reported 240 total sheep of which only 100 were
lambs • .JF.Sdata should have been correctly enumerated as
260 total sheep including 126 lambs.

2230 The .JF.Sreported 66 cattle for one tract and RES only 20
with the difference not reported in the movement questions.
A followup found 46 mature cattle had been sold between
surveys. Other tracts in this segment had some problems
because livestock that could move across segment boundaries
were not prorated in JES. For RES, these livestock were
prorated by land area.

3399 The operator of one tract could not be contacted for re-
enumeration. His wife reported 100 cattle •. ms showed
190 cattle and the photo cnlnt indicates this was probably
the number present at the time of flight. Black and white
print photo counts found no sheep, while the color trans-
parency interpretation revealed 127 mature sheep. JF.S
iaiicated 80 sheep, RES 115.

Ill.f__ •••••••



Table 5.- Observed mnnber of livestock by range segments

Segment Type Cattle Sheep Swine Horses
number of data : Tota1:Mature:Young Tota1:Mature:Young Total :Mature )oung Total:Mature:Young.. . .

1156 JES unadj. 323 298 25 0 0 0
JES adj. 323 298 25 0 0 0
RES 393 303 90 0 0 0
RS 148 140 8 0 0 0

1158 JES unad j . 150 90 60 0 0 0
JES adj. 150 90 60 0 0 0
RES 181 91 90 0 0 0
RSY (32) (22) (10)

96 66 30 0 0 0 I~~
2274 JES unad j . 0 900 500 400 0 0 I

JES adj. 0 900 500 400 0 0
RES 0 0 0 0 0 0
RS 0 0 0 0 0 0

2325 JES unadj. 0 0 0 0 0 0
(fields JES adj. 51 0 51 0 0 0
1, 2, 5) RES 102 51 51 0 0 0

RS 0 0 0 0 0 0

2325 JES unadj. 748 438 310 0 0 0 0 0
(fields JES adj. 747 437 310 0 0 0 0 0
3, 4, 8) RES 567 387 180 0 0 0 0 0

RS 240 200 40 0 0 3 3 0
- Continued

1/ Only one-third of the segment was photographed. The numbers in parentheses ( ) are
the actual photo counts and the other numbers are their expansion to the segment level.



Table 5 (Cont 'd).- Observed number of livestock by range segments

Segment Type Cattle Sheep Swine Horses. .
Total:~ture:Young . . ..mnnber of data Total:Mature:Young Total :Mature :Young Total:Mature:Young

2326 JES unad j . 300 160 140 0 0 0JES adj. 300 160 140 0 0 0RES 300 160 140 0 0 0RS 57 42 15 0 0 0
2327 JES unad j . 0 0 0 0 0 0 0 0JES adj. 44 23 21 0 0 0 0 0RES 44 23 21 0 0 0 0 0RSY (59) (58) (1) (5) (4) (1)118 116 2 0 0 10 8 2 ,

-1:>02330 JES unadj. 315 306 9 45 45 0 1 1 0 6 6 0 N,JES adj. 179 153 26 45 45 0 1 1 0 6 6 0RES 308 291 17 50 50 0 0 0 0 0 0 0RS 265 195 70 45 45 0 0 0 0 1 1 0
2331 JES unad j • 0 0 0 0JES adj. 0 0 0 0RES 0 0 0 0RS 0 0 0 0
2332 JES unad j . 0 0 0 0 0 0JES adj. 0 0 0 0 0 0RES 0 0 0 0 0 0~ RS 3/ (4) (4)I 72 72 0 0 0 0

- Continued2/ Only one-half of the segment was photographed. Tl1e num~ers in parentheses ( ) are the actualphoto count and the other numbers are their expansion to the segment level.
3/ Only one-eighteenth of the segment was photographed. The numbers in parentheses ( ) are the actual

photo count and the other numbers are their expansion to the segment level. On later examination of thephotography the four mature cattle could not be found.



Table 5 (Cont ;d).- Observed number of livestock by range se,gments

Segment Type Cattle Sheep Swine Horses. . .. Total:Mature:Young Tota1:Mature:Youngnumber of data Total:Mature:Young Total:Mature:Young ..
2333 JES unad j . 260 160 100 0 0 0

JES adj. 260 160 100 a a 0
RES 0 0 0 a a 0
RS 35 23 12 0 a 0

2339 JES unad j . 0 0 0 0 0 a
JES adj. a 0 0 a 0 0
RES 250 250 a 0 a 0
RS a 0 0 0 a 0

I
~
VI
I



Segment
1156

Notes Relating to Segments Listed in Table 5

The .ms should have shown 210 total cattle inelttdin~ 70
calves for one field instead of 140 total cattle and no
calves.

1158 This segment was selected for only one-third photo coverage
because no livestock were reported on JES by the enumerator.
Subsequently 150 cattle were edited into the JES question-
naire. The editin~ was quite reasonable with respect to the
RES, but lack of complete photo coverage limits evaluation
of RS data.

2274 Sheep reported in this segment for JES were never in the
segment. The entire segment was in domain C.

2327 For RES 260 cattle were prorated by area to 44 head in the
segment because the animals were free to cross segment
boundaries. Photography was obtained for only one-half the
area. This area seems to have included most of the cattle.

2330 The JES showed one tract reported cattle could move across
the segment boundary. The RES found all cattle were outside
the segment. For another tract, the JES reported movement of
205 cattle from the segment while at the same time showing
205 head inside the tract. The .JES also reported 205 head
inside the tract.

2332 Since no livestock were reported in the .JES this segment was
selected for only one-eighteenth photo coverage. Four cattle
were cffilntedin this flight line on the aerial photos and
expanded to 72 head for the segment. However, in reviewing
this photography the four cattle were not located. Because
the methods of data collection were to be evaluated, the RS
data was not altered.

2333 JES reported 260 cattle in the segment.
these cattle were never in the segment.
indicates some animals were present.

RES indicated that
However, RS data

2339 No livestock were reported in the JES or detected on the
aerial photography. The RES reported 250 cattle.

-44-
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Tahle 6 (Cont'd).- Estimated mnnhers of livestock--domains Hand (

Spec ies
class

llorses - total
adult
YOlm,fI

Cattle - total
adult
young

Cattle - total
adult
yotlng

54,047 10,1 :)
40,656 9,5 7
n ,391 S"K

12,505 ~l q
7,494 49
5,01l il',O

4,925 0
2,623 II
2,302 0

2,952 I,R'·2
2,952 1,7 0

0 12

2,131 ()

2,131 0
0 0

5,287 0
5,287 ()

0 0

0 0
0 ()

0 0

0 0
0 0
0 0

. -----: ----pl)()t (')
Reenumer- count

;'l t ion i h I :1 ( ,

and wt-ll l.' )...••..... -~_.

o
o
o

4 , 1 50
3,966

184

3,678
3,678

o

5,609
5,379

230

5,754
3,452
2,302

o
o
o

Domain C 1/·----0 - -
o
o

.fUne
enumerative

: (adjusted for:
movement)

Domain R 1/
52,272
55,707
-3,435

o
o
o

o
o
o

o
o
o

3,678
3,678

o

4, 241
4,057

184

4,005
4,005

o

67,190
61,660

5,530

5,885
5,655

230

.Tune cmnnerative
(I mad:i Ilsteel)

total
adult
young

total
adul t
young

total
adult
young

total
adult
young

Sheep

Swine

Ilorses - total
adult
young

Swine

Sheep

1/ Estimated mnnber of fields: Domain R-2017, Domain C-904.

ii.IJ,_!il •
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Table 7.- Estimated numhers of 1ivestock--range stratum
June Photo

Species June emunerative : enumerative : Reenumer- counts
. class (unadjusted) :(adjusted for: ation (hlack

movement ) and white)
Range stratlDT1

Cattle - total (27,507) 29,614 33,770 49,895 27 ,048
adul t (17,862) 19,751 20,781 37,030 23,507
young (9,645) 9,863 12,989 12,865 3,541

Sheep - total (6,661) 6,661 6,661 522 470
adult (3,909) 3,909 3,909 522 470
young (2,752) 2,752 2,752 0 0

Swine - total (10) 10 10 0 0
adult (10) 10 10 0 0
young (0) 0 0 0 0

f lorses - total (63) 63 63 0 1,168
adult (63) 63 63 0 939
young (0) 0 0 0 229

1/ Data shown in parentheses ( ) are expanded m..unbersfor all June
enumerative segments in the four county survey areas.
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Tahle 8.- Ohserved numbers of 1ivestock--cu1tivated stratum and domain A
June Photo

SfleC ie5 June emunerative : enumerative : Reenumer- cotmts
class (unadjusted) :(adjusted for: ation (black. movement) and white).

Cultivated stratum (tota1~
Cattle - total 3,719 3,825 3,9 1 1,750

adult 3,530 3,619 3,410 1,506
young 189 206 571 244

Sheep - total 1,017 980 866 280
adult 446 443 608 262
YOlmg 571 537 258 18

Swine total 289 317 285 17
adult 232 204 192 17
young 57 113 93 0

Horses - total 129 130 135 86
adult 127 125 125 71
YOlmg 2 5 10 15

Domain A 1/
Cattle - total 2,115 2,061 2,285 977

adult 2,044 1,998 2,088 847
young 71 63 197 130

Sheep - total 435 586 607 108
adult 99 284 405 95
young 336 302 202 13

Swine - total 202 192 178 16
adult 145 129 135 16
young 57 63 43 0

Horses - total 43 47 49 14
adult 43 45 41 13
young 0 2 8 1

1/ Observed munber of fields: Domain A-66.



-50-

Table 8 (Cont'd).- Ohserved numhers of livestock--domains Rand C
June Photo

Species June enumerative : enumerative : Reemuner- counts
class (unadjusted) :(adjusted for: at ion (black

movemen t) and white)

Domain BlI
Cattle - total 903 783 808 155

adult 844 821 650 142
younR 59 -38 IS8 13

Sheep - total 72 69 144 10
adult 67 64 88 5
young 5 5 S6 5

Swine - total 87 125 107 0
adu It 87 7S 57 0
younR 0 50 50 0

Horses - total 52 52 38 19
adult SO SO 38 18
young 2 2 0 1

Domain C 1/
Cattle - total 0 0 21 0

adult 0 0 21 0
young 0 0 0 0

Sheep - total 80 80 115 a
adu1 t 80 80 115 0
young 0 0 0 0

Swine - total 0 0 0 0
adult 0 0 0 0
young 0 0 0 0

Horses - total 0 0 0 0
adult 0 0 0 0
young 0 0 0

1/ Observed number of fields: Domain B-28, Domain C-12.

"ii,ljiill _





S2-

Table 9. - Observed numbers of livestock- -ran,~e stratlDn
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Tahle 10.- Coefficients of variation for estimated livestock totals--
cultivated stratton

Type of Estimated Standard Coefficient
data variance deviation ot" variat inn I

Total cattle
JES - all 4,669,337,250 68,333 25.8
JES- compo - unadj. 7,385,317,371 85,938 33.3
JES - compo - adj. 7,407,099,513 86,065 32.4
RES 7,923,958,326 89,017 32.8
RS 961,411 ,410 31,007 28.7

Calves
JES all 23,419,800 4,839 27 .8
JES- compo - unadj. 24,424,902 4,942 36.6
JES - compo - adj. 27,101,385 5,206 34.7
RES 338,260,563 18,392 44.3
RS 31,329,936 5,597 35.7

Total sheep
JES - all 1,575,341,685 39,691 84.9
.ITS compo - unadj. 1,554,211,395 39,423 79.9
.JES compo - adj. 1,435,752,270 37,891 79.8
RES 826,739,838 28,753 62.9
RS 132,939,306 11 ,530 80.9

Lambs
.JES - all 6,769,912 2,602 9.9
.IES - compo - unadj. 6,767,294 2,601 9.9
.ms - compo - adj . 5,978,483 2,445 9.9
RES 925,091 962 6.7
RS 5,475 74 7.0

Total swine
.n~S all 29,535,621 5,435 40.8
JES compo - unadj. 47,161,806 6,867 41.0
JES compo adj. 62,419,784 7,901 43.8
RES 48,344,203 6,953 43.1
RS 368,343 607 49.0

1/ Coefficient of variation reported in percent is the standard deviatio I
divided by the mean x 100.
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Table 10 (Cont'd).- Coefficients of variation for estimated livestock
totals--cultivated stratum

Type of Estimated Standard Coefficient
data variance deviation of variation 11

Young swine
JES all 5,172 ,625 2,274 86.8
JES - camp. - unadj. 20,307,785 4,506 92.5
JES - compo - adj. 29,905,898 5,469 70.8
RES 10,384,023 3,222 54.3
RS 0 0 0

Total horses
JES all 5,456,217 2,336 34.6
JES compo - unadj. 19,228,400 4,385 43.2
JES compo adj. 19,800,216 4,450 43.8
RES 13,532,975 3,679 35.8
RS 5,308,763 2,304 36.7

Colts
JES - all 10,838 104 72.7
.JFS - compo - unadj. 33,911 184 100.0
.ms compo - adj . 136,560 370 88.9
RES 91,649 303 46.9
RS 327 ,946 573 54.2

1/ Coefficient of variation reported in percent, IS the standard deviation
divided by the mean x 100.

'Iliilil,.l •• ' _
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Tahle 11.- Coefficients of variation for estimated livestock totals--
domain A, cultivated stratmn

Type of
data

JI:S - compo - unadj.
.IES - comp. - adj.
RES
RS

JES camp. - unad j .
JES compo adj.
RES
RS

.ms comp. unad j .

.ITS compo - adj.
RES
RS

.rES compo - unadj.

.JRS compo - adj.
RES
RS

.IES comp. unad j .

.IES - compo - adj.
RES
RS

.rES - comp. - unad j .

.IES compo - adj.
RES
RS

Estimated
variance

6,499,827,406
6,516,802,268
7,004,155,391

557,824,024

5,834,282
6,285,020

22,603,636
10,005,138

385,605,614
706,060,449
776,719,674

19,373,240

240,899,815
194,919,196

86,185,357
1,391,369

35,033,117
35,462,568
27,694,869

1,134,792

17,036,709
20,857,423

4,054,214
984,318

Standard
deviation

Total cattle
80,622
80,727
83,691
23,618
Calves

2,415
2,507
4,754
3,163

Total sheep
19,637
26,572
27,870

4,402
Lamhs
15,521
13,961

9,284
1,180

Tota 1 swine
5,919
5,955
5,263
1,065

Young swine
4,128
4,567
2,014

902

Coefficient
of variation 1/

55.7
56.8
54.8
41.2

61.8
70.4
45.0
42.8

98.2
98.6
99.0
74.8

100.5
100.5

99.9
197.7

46.5
48.4
47.0
92.5

84.7
84.2
55.5

11 Coefficient of variation reported in percent, is the standard deviation
aivided by the mean x 100.
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Table 11 (Cont 'd).- Coefficients of variation for estimated livestock
tota1s--domain A, cultivated stratl~

Type of
data

Estimated
variance

Standard
deviation

Coefficient
of variation 1/

Total horses
.JES camp. - unadj. 369,948 608
.ms compo - adj. 398,718 631
Rf,S 333,859 578
RS 697 ,911 835

Colts
JES compo - unadj. 984,318 992
.JES compo - adj. 880,787 939
RES 911,017 954
RS 973,973 987

19.5
18.4
16.9
85.7

670.7
206.5

1072.8

1/ Coefficient of variation reported in percent, is the standard deviation
divided by the mean x 100.
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Table 12. - Coefficients of variation for estimated livestock tota1s--
domain R, cultivated stratum

Type of Estimated Standard Coefficient
data variance deviation of varintion 1/

Total cattle
JES - camp. - unadj • 791,256,013 28,129 .41.9
JES compo - adj. 210,556,308 14,511 27.8
RES 251,584,101 15,861 29.3
RS 12,943,924 3,598 35.4

Calves
.JES camp. - unadj. 15,647,799 3,956 71.5
.JES - compo - adj. 108,181,938 10,401 302.8
RES 50,003,599 7,071 52.8
RS 482,364 695 116.2

Total sheep
,TI:S- compo - unadj. 23,062,180 4,802 81.6
.JES camp. adj. 23,220,226 4,819 85.9
RES 64,921,847 8,057 64.4
RS 726,378 852 92.7

Lamhs
.rES compo - lInadj. 331,790 576 250.4
.IES - camp. - adj. 331,790 576 250.4
RES 10,241,395 3,200 63.9
RS 284,212 533 115.9

Total swine
.ms - compo - unadj . 10,925,216 3,305 82.5
JES - compo - adj. 27,038,649 5,200 90.4
RES 20,391,597 4,516 91.7
RS 265,205 515

Total horses
,JES - compo - Imadj. 5,684,131 2,384 56.2
.IES camp. adj • 5,006,025 2,237 53.9
RES 3,723,461 1,930 65.4
RS 1,403,740 1,185 63.6

1/ Coefficient of variation reported in percent, is the standard deviation
divided by the mean x 100.
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Tahlc 13.- Coefficients of variation for estimated livestock tota1s--
domain D, cultivated strattun

Type of
data

JES - comp. - unadj.
JES - comp. adi .
RES
RS

JES - compo - unadj.
.JES - compo - adj. '
RES
ItS

,TES camp.
JES - compo
RES
RS

unad j .
adj.

Estimated Standard Coefficient
variance deviation of varint ion 11..'

Total cattle
20,832,448 4 ,564 49.3
20,832,448 4,564 49.3
47,160,305 6,867 63.0

8,662,793 2,943 62.6
Calves

1,417,405 1,191 737.0
1,417,405 1,191 737.0

994,671 997 103.1
1,190,023 1,091 768.3

Total horses
1,258,814 1,122 220.9
1,296,107 1,138 164.7
1,065,685 1,032 203.6
1,175,291 1,084 1178.3

1/ Coefficient of variation reported in percent, is the standard deviation
divided hy the mean x 100.

,iIid·'.' •••• ••••
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Table 14.- Coefficients of variation for estimated livestock totals--
domain E, cultivated stratum

Type of Estimated Standard C:oeffieientdata variance deviation of variation 1/
---

Total cattle
JES compo unadj. 386,238,633 19,653 53.6
JES compo - adj. 710,667,587 26,658 43.2
RES 48.7,090,324 22,070 42.7
RS 173,112,149 13,157 36.6

Calves
JES compo - unadj. 55,936,512 7,479 306.9
.ms compo - adj. 92,571,257 9,621 72.6
RES 83,239,812 9,124 54.9
RS 43,177 ,523 6,571 87.0

Total horses
JES compo - unadj. 53,581,271 7,320 318.0
JES - compo - adj. 53,535,636 7,317 387.6
RES 52,142,225 7,221 212.5
RS 58,928,115 7,676 228.7

Colts
JES comp . - unadj. . . 63,026,078 7,939
.ms - comp. - adj. 62,645,989 7,915 8603.3
RES 62,282,856 7,892 4289.1
RS 61,177,440 7,822 896.0

1/ Coefficient of variation reported in percent, is the standard deviation
divided hy the mean x 100.
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Table IS. - Coefficients of variation for estimated livestock totals
range strattun

Type of Estimated Standard Coefficient
data variance deviation of variation 1/

Total cattle
JES - all 65,963,519 8,122 29.5
.rES- camp. unad j . 106,656,140 10,327 34.9
JES - compo - adj. 102,668,266 10,133 30.0
RES 335,391,270 18,314 36.7
RS 183,424,211 13,543 50.1

Calves
JES- all 17,304,983 4,160 43.1
JES - camp. unadj. 18,847,292 4,341 44.0
JES canp. adj. 19,048,558 4 ,364 33.6
RES 32,566,649 5,707 44.4
RS 3,260,375 1,806 51.0

Total sheep
JES all 38 ,297,511 6,188 92.9
JES - COl'lTl1. - unadj. 38,168,467 6,178 92.7
.JES canp. adj. 38,168,467 6,178 92.7
RES 272 ,484 522 100.0
RS 220,712 470 100.0



Tahle 16.- Correlation coefficient matrices--total cattle

Photo counts
(hlack and white)

(RS)
---.------"'-- --------------------------------

Type of
data

Reenumeration
(RES)

June enumerative
:(adjusted for movement)
•. (.TES - adi.)

Cultivated stratUJll
All domains

RES .830**
.IES - adj . .792** .986**
,YES - unadj . .784** .982**

Domain A
RES .840**
,JF.S- adj. .806** .997**
,rES unadj . .805** .997**

Domain B
RES .388*
JES - adj. .444* .988**
,rES unadj • .491** .764**

Domain D
RES .858**
JES adj. .847** .953**
,1£S - unadj. .847** .953**

Domain E
RES .962**
,ms - adj. .866** .887**
.IES unadj . .334 .299

Range stratum
RES .187
,ms adj. .537 .252
,ms - unad j . .100 .224

. 99/1**

.999**

.737**

1.000**

.667**

.863**

* Significantly different from zero at the five percent level.
** Significantly different from zero at the one percent level.
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Table 17. - Correlation coefficient rnatrices--ymmg cattle

Type of
data

Photo counts
(h1ack and whi tel

(RS)

Reemnneration
(RES)

June emunerative
: (adiusted for movement)
.. PES - ~di.)

.973**

.976**

.446*

1.000**

.671**

.848**

* Significantly different from zero at the five percent level.
** Significantly different from zero at the one percent level.

11~'1F.'I ---------"
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Tah1e 18.- Correlation coefficient matrices--total sheep

.---------------------------------------

Type of
data

Photo counts
(hlack and white)

(RS)
Reenumeration

(RES)

June enumerative
:(ad;usted for movement)
: . (.ms - ad;.)

1.000u

1.000U

.998**

1.000**

* Significantly different from zero at the five percent level.
** Significantly different from zero at the one percent level.

m_.. ···_.__ ._-~.--------- -- ~--~-----
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Table 19.- Correlation coefficient matrices--young sheep
---------------------------------.-----

June enumerative
:(ad;usted for movement)
.. (.YFS adj. )

,------------------_. - ...•. - .----- ..... ------

Type of
data

Photo counts
(black and white)

(RS)
Reenwneration

(RES)

1.000**

1.000**

1.000**

** Significantly different fran zero at the one percent level.
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Tahle 20.- Correlation coefficient matrices--total swine

Type of
data

Photo counts
(hlack and white)

(RS)
Reenumeration

(RES)
June enumerative

:(adiusted for movement)
. - PES - ad j .)

.971**

.995**

.996**

** Significantly different from zero at the one percent level.

----------------------- ----~- -~-
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Table 21.·· Correlation coefficient matrices--ymmg swine

Type of
data

RES
.rES - adj •
.n~S unad j .

RES
.rES adj.
JES - unadj.

Photo counts
(black and white)

(RS)

.000

.000

.000

.000

.000

.000

Reemunerat ion
(RES)

Cultivated stratum

All domains

• 849t11:'ir

•613**

Domain A

.865**

.866**

June em.unerative
: (ad;usted for movement)
.. (.JES - ad j .)

.907**

1.000**

** Significantly different from zero at the one percent level.

liiltmlfJI8i'. 11



Tah1c 22.- Correlation coefficient rnatrices--total horses

Type of
data

Photo counts
(hlack and white)

(RS)
Reenurneration

(RES)

June em.unerative
:(adiusted for movement)
.. (JES -ad i.)

RES
JES - adj •
JES - unadj.

RES
JES - adj .
JES - unadj.

RES
JES - adi .
.n~s unad j .

RES
.JES - adj •
JES - unadj.

RES
JES - adj .
JES - unadj.

Cultivated stratum
All domains

.573**

.632** .935**

.632** .937**
Domain A

.544**

.398* .685**

.314 .653**
Domain R

.279

.328 .839**

.328 .860**
Domain D

.641**
-.065 .299
-.052 .012

Domain E
.648** ----
.50S** .908**
.493** .919**

.999**

.969**

.998**

.894**

.982**

* Significantly different from zero at the five percent level.
** Significantly different from zero at the one percent level.
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Tahle 23. - Correlation coefficient matrices- -yollnp horses
------._----------~--_._---------------_._-_ .._.- .._ ..-~..., ~-~ - ---

June emunerat iv,'
: (ad;usted for mm'p;lent)
: . (.n:s - adl.)

-----------_._-------------_._-----_._-~_. -"-- ... -.-----.-- -_.

Type of
data

Photo counts
(hlack and \l1hitel

eRS)

Reem.une ra t ion
(RES)

Cultivated stratlun

RES
JES adj.
.JJ:S - unadj.

RES
.fl:S adj .
JES unadj.

RFS
JES - adi .
.JFS - unadj •

-.091
-.080
- .071

.351
-.053

.000

- • 061
-.061

.000

All domains

.791**

.784**

Domain A

. ~84*

.000

Domain F

1.0f/0**
.000

.992**

.000

.oon

* Signi ficantly different from zero at the five percent level.
** Significantly different from zero at the one percent level.

ri __ ilJll'· ••
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Table 24.- Livestock counts for cultivated stratmn from color
transparencies and hlack and white prints

Segment Average nmnber counted Number counted on
on color transparencies black and white printsmunher

Total cattle Young cattle Total cattle Young cattle
1540 3.5 0 3 0
1545 28.5 7.0 23 7
1550 3.0 0 22 2
2218 3.0 0 3 0
2219 14.0 1.0 16 1
2221 57.5 3.0 59 59
2222 32.0 1.5 27 0
2223 48.0 1.5 36 9
3399 68.0 7.0 39 3
Total 257.5 21.0 228 81

Total sheep Young sheep Total sheep Young sheep
2225 70.5 9.0 16 1
3399 127 .0 6.5 0 0
Total 197.5 15.5 16 1

Total swine Young swine Total swine Young swine
1540 2.0 0 0 0

Total horses Young horses Total horses Young horses
1545 12.0 0 12 0
3399 0 0 5 0

Total 12.0 0 17 0
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Tahle 25.- Livestock counts for range stratlDTIfrom color
transparencies and black and white prints

Segment Average nlDTIhercounted Ntunber counted on
mnnher on color transparencies black and white prints

Total cattle Young cattle Total cattle Young cattle
1156 . 116.5 12.5 SO 5.
1158 1/: 426.0 147.0 388 90
2326 8.0 1.0 19 5
2330 255.7 15.0 235 26
2333 0 0 29 11
2335 43.0 1.7 31 7
Total 849.2 177.2 752 144

1/ This sepment had special photography which evidently duplicated many
areas in the segment. It is shown only as a comparison between comparah1e
color and black and white photography.

,~"'-------------_...



Table 26.- ~~ltivariate data--range stratum
Treatment 1 - B-W photography Treatment 2 color photography

Sample Segment Cattle Sheep Cattle Sheepnumber number
Total Young Total Young Total Young Total Young,

1 1156 50 5 0 0 116.5 12.5 0 0
2 1158 380 96 0 0 426 147 0 0
3 2274 0 0 0 0 0 a a 0
4 2326 19 5 a 0 8 1 0 0
5 2330 235 26 0 0 254 15 0 0
6 2331 a 0 0 0 0 a 0 0
7 2333 29 11 0 0 0 a 0 0 I

~
8 2339 0 0 0 0 a 0 0 0 '""'

"9 2325(1) 0 0 0 a 0 0 0 0
10 2325(2) 0 0 0 0 0 0 0 0
11 2325(3) 12 6 0 0 0 0 a 0
12 2325(4) 19 1 0 0 43 2 0 0
13 2325 (5) 0 0 0 0 0 0 0 0



Table 27.- ~llltivariate data--cultivated stratt~
Treatment 1 - B-1,'; ryhotography Treatment 2 - color photography

Segment Cattle Sheep Sample Cattle Sheep Segment
number number number

Total Young '-'otal Young Total Young Total Young
1556 0 0 n 0 1 0 0 70.5 9 2225
1545 23 7 0 0 2 0 0 0 0 1558
1540 3 0 0 0 3 32 0 0 0 2222
2225 0 0 16 1 4 57.5 3 0 0 2221·
1561 0 0 0 0 5 0 0 0 0 1544
2231 0 0 0 0 6 3 0 0 0 2218
2222 27 0 0 0 7 68 7 127 6.5 3399
2221 59 59 0 0 8 0 0 0 0 1548
1541 0 0 0 0 9 48 1.5 0 0 2223
3394 0 0 0 0 10 3 0 0 0 1550 I

2230 0 0 0 0 11 0 0 0 0 3394 -..J
N
I1558 0 0 0 0 12 0 0 0 0 2232

2227 0 0 0 0 13 0 0 0 0 2230
1544 0 0 0 0 14 0 0 0 0 2376
2232 0 0 0 0 15 0 0 0 0 1541
1543 0 0 0 0 16 0 0 0 0 1561
1548 0 0 0 0 17 14 1 0 0 2219

I
2218 3 0 0 0 18 0 0 0 0 1543
1551 0 0 0 0 19 0 0 0 0 2227
2376 0 0 0 0 20 0 0 0 0 1551
2219 16 1 0 0 21 0 0 0 0 3397
1554 0 0 0 a 22 a 0 0 0 3422
3397 0 a 0 0 23 285 7.0 0 0 1545
3399 39 3 0 0 24 0 0 0 0 1554
1550 22 2 0 0 25 0 0 0 0 1556
2223 36 9 0 a 26 3.5 0 a 0 1540
3422 0 0 0 0 27 0 0 0 0 2231
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Table 28.- Comparison of photo counts--interpreters I and 2

Species Interpreter 1
Total Young

Interpreter 2
Total Young

Cultivated stratum 1/
Cattle 521 35 srfs 12
Sheep 160 0 191 29
Swine 0 0 0 0
Horses 33 7 2 0

Range stratwn 2/
Cattle 80 18 60 11
Sheep 0 0 0 0
Swine 0 0 0 0
Horses 0 0 0 0

1/ Includes 17 comparisons (six excluding zeros).
"'I/ Includes 33 comparisons (four excluding zeros).
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Tahle 29.- Comparison of photo counts--interpreters 1 and ~
------.----------------.-----.-------.---- ..... - ..---._ ..~

Interpreter 1 Interpreter :)Species

Cattle
Shcep
Swine
Horses

Total

:)2]
III

o
20

Youn~
Cultivated

72
5
o

14

Total
stratlun 1/

344
()

4
2

;--Yo,irw._-'~'---

57
n
()

(l

Cattle
Sheep
Swine
Horses

122
45
o
1

Range
17
o
o
o

stratum 2/
137

47
()

1

12
o
()

o
-----.--.-.--- ----------------

1/ Includes 13 comparisons (eight excluding zeros).
LI Includes 37 comparisons (ten exc1udinr zeros).

,~"'--------------_..
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Tahle 30.- Comparison of photo counts--interpreters 2 ann 3

Interpreter 3Interpreter 2Species
___________ T_o_t_al Young Total Younr:

Cultivated strattml 1/
Cattle 19 0 20
Sheep 0 0 17
Swine 0 0 0
Horses 3 0 13

Range strattml 2/
Cattle 32 1 - 37
Sheep 0 0 0
Swine 0 a 0
Ilorses 0 0 0

13
4
o

10

4
o
o
o

1/ Includes 10 comparisons (two excluding zeros).
2/ Includes 46 comparisons (two excluding zeros).
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Tah1e 31. - Comparison of photo counts--interpreter 1 at different times

Species First interpretation Second interpretation
Total Young Tota 1 Young

Cultivated stratum 1/
Cattle 31 -4 30- 9
Sheep 2 0 1 0
Swine 0 0 0 0
Ilorses 1 0 1 0

Range stratum 21
Cattle 37 9 -33 5
Sheep 0 0 () 0
Swine 0 0 0 0
IIorses 0 0 0 0

11 Includes four comparisons (three excluding zeros).
II Includes 23 comparisons (five excluding zeros).
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Tahle 32.- Conmarison of photo counts--interpreter 2 at different times

First interpretationSpecies
Total Young

Second interpretation
Tota 1 -,-:__ YO~l.!1.r: _

Cultivated stratum 1/
Cattle 63 0 3:;- 7
Sheep 0 0 23 0
Swine 0 0 0 a
Horses 0 0 0 0

Range stratum 2/
Cat tie 0 0 0 0
Sheep 0 0 0 0
Swine 0 0 0 0
110rses () 0 0 0

1/ Includes 9 comparisons (three excludinr! zeros).
I/ Includes 16 cOOlparisons (zero excluding zeros).
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Table 33.- Comparison of photo counts--interpreter 3 at different times

First interpretation Second interpretationSpecies .
:--rota1 Young Total Young,

Cultivated stratlDTl1/
Cattle 43 3 43-
Sheep 0 0 0
Swine 0 0 0
Horses 1 0 1

Range stratum 2/
Cattle 28 0- -25
Sheep 0 0 0
Swine 0 0 0
Horses 1 0 1

6
o
o
o

o
o
o
o

1/ Includes 9 comparisons (one excluding zeros)
"'[I Includes ]7 canparisons (four excluding zeros) .

.i~-_.-.' •



Table 34.- ~~~VA data for range strattnn

Sample C1 - C2 Sample C2 C3 Sarno Ie C3 C1number Total Young mnnher Total Young number Total Young
1 10 1 1 6 0 1 3 0
2 10 6 2 -4 -1 2 -8 -3
3 2 0 3 -16 0 3 0 0
4 a 0 4 -1 a

5 -1 -1
6 -2 -1
7 12 6 42 0 0

31 0 0 8 1 0
9 0 0

I

'"3S 0 0 \0
I



Table 35.- ~Vl~VA data for cultivated stratwn

Sample Cl C2 C2 - C3 C3 - C1number Cattle Sheep Cattle Sheep Cattle SheepTotal Yoong Total Young Total Young Total YOlmg Total Young Total Young
1 0 2 0 0 -3 0 6 5 1 -5 0 02 16 10 0 0 0 0 13 0 -8 -8 -17 -43 0 a -31 -29 -6 3 a 0 0 0 a 0
4 20 13 0 0 -7 -2 0 0
5 -27 -2 a 0 0 12 0 0
6 0 a 0 0 -4 5 0 07 . -1 -5 0 0
8 -2 2 0 09 0 0 0 0 ,10 0 0 0 0 00

011 I

12
13 0 0 0 a
14
15
16 ;17 0 0 0



APPENDIX I

Specifications for Aerial Photography
1969 Idaho Aerial Photo Livestock Survev.

The project for which this photography is to be taken involves the inventorY
of livestock on a part of the Snake River Plain in southern Idaho. A sarnplinQ
scheme has been employed whereby the sample areas shown on the accompanying
maps were chosen. Not all of the sample areas will be flown. The plan for
selection of actual photo sample areas is based on a conventional ground in-
ventory made the week prior to the photography. Flight lines for the complete
photographic coverage of all the areas have heen drawn on separate maps.
Some of the areas will require this complete photographic coverage while
others will require that only certain flight lines be flown; some will not
be flown at all.
The following specifications describe two-camera system for simultaneously
obtaining large format panchromatic photos and smaller format, larger scale
color photos. The color camera will be operated only in conjunction with
the panchromatic camera, but the panchromatic camera will often be used
independently.
This photography will be part of a research effort and will require close
preflight and inflight coordination with an on-grollnd survey team.
1. Cameras - One six- inch focal length camera with a 9" x 9" film format
capahle of providing a resolution of 40 lines per millimeter. Panchromatic
film will be us~l in this camera.
One twelve-inch focal length frame camera to use 70nun film and provide a
70mm x 9" film format. Color reversal film will be used in this camera to
provide transparencies.
2. Camera tvbunting - The two cameras must be mounted so that their principal
axes remain parallel at all times while allowing normal leveling for aircraft
pi tch and roll and correction for crab.
3. Camera Operation - Both cameras are to be operated from the same inter-
valometer in order to achieve simultaneous exposure. The camerausinp color
film will be operating on only one-third to one-half of the flight lines flown.
4. Demonstrated System Capability - The contractor must demonstrate his capa-
bility to provide a working system meeting the above specifications before a
bid can he accepted.

-81-
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5. Location - Southern Idaho. Flight lines within approximately 35 of the
58 areas shown on the accompanying maps of Cassia, Gooding, Jerome, Lincoln,
Minidoka, Owyhee and Twin Falls counties will be flown. Specific flight lines
will he chosen about two days before the photography is to start. Changes
may he required during the photogranhic mission.
6. Date of Photography - Photography to start the morning of June 9, 1969,
weather pemitting. Tt is anticipated that three days will be required for
photo acquisition.
7. Number of Photographs Anticipated - 800-1000 9" x 9" nanchromatic;
400-500 70mm x 9" color transparencies.
8. Film and Filter - Nine l/Z" Plus X Aerographic or equivalent, Wratten
12 filter; 70mm Ektachrome Aero or equivalent, HF-~ filter if necessary.
9. Prints and Photo Labeling - One set of prints will be required. These
should he Logetronically printed on single weight glossy naper. All prints
and color transparencies shall be numbered and a log kept so that each photo-
graph can be identified as to the area photographed and so that corresponding
panchromatic and color photographs can be matched.
IO. Flight Alt itude - Photography wi 11 be taken from an aIt itude of 3,000
feet above the terrain. A small amount of lower altitude coverage may be
necessary in some areas.
]1. Overlap - Sixty percent overlap as seen on the panchromatic photos will
he obtained for most of the flight lines. Ten percent overlap may be specified
for certain of the lines at the time of flight.
lZ. Time of Day - The nature of the livestock inventory project requires that
the photography be obtained during early morning and late evening hours. ~1id-
day photography must be avoided. 1/ The hours of 0730-1045 and 1545-1830
local daylight savings time provide solor altitude between 20° and 5So which
should be favorable for livestock detection.
11. Observer Aboard Aircraft - The design of the experiment requires that
an employee of the Statistical Reporting Service, USDA, be aboard the photo-
graphic aircraft in order to make certain real-time decisions.
These concern sampling rates and flight lines selection for photographic
coverage based on aerial observations of livestock nt~bers within the test
areas. 2/

]/ Weather conditions forced some midday photography hecause of the after-
noon bui ldup of ctnTIulusclouds.

2/ TI1e observer was unable to MJnction as planned. Near the end of the
photography phase the role of the observer was altered to that of determining
if photography could be taken under less than desirable weather conditions.
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14. Air-to-Ground Communications - It will be necessary to have radio com-
munication between the photographic aircraft and various grrnlnd crews per-
forming simultaneous inventory work in the areas heing photographed.
It is anticipatal that the Forest Service will provide six field radios
for this purpose. l~perience has shown that the aircraft will teen.ire ~n
rnltside antenna for satisfactory operation of these units. In the event
the Forest Service field units are not available, the contractor will he
expected to provide for air-to-ground cOJTll1UJlication.

--------" --------_._---~----~-
-----------------.----------------



APPENDIX I I

EXHIBIT A
Supplemental Interviewers Manual

Idaho Aerial Photo Livestock Surver
Twin Falls~ Minidoka, Jerome and Cassia Counties

1. Objectives
The main objective is to sirrulate an operational survey using aerial photogra-
phy. Fmphasis will be on livestock and major crops. Also, the feasibility
of aerial photogranhy as a quality control technique for emmterative surveys
will be studied. Comparison of estimates derived from em.DTlerationand aerial
photography will be made. An attempt at rapid photo interpretation will he
made.
Because the aerial photography will be taken at nearly the same time as the
June Enumerative Survey, estimates from each method will he comparahle.

(a) Independent estimates will he made from each salrce of data--
aerial photos and June Enumerative Survey.

(h) A quality check of the June Em.DTlerativeSurvey is possible by
making adjustments for the movement of livestock between
emmteration and flight time.

2 . Rac kground
Initial efforts by SRS to explore the feasibility of making livestock inven-
tories by aerial photoQraphy started in California in 1963. At that time a
wide range of photographic scales were used to detennine the capahilities of
making livestock identification and counts. Also, simulated operational
flights were made over portions of Utah, Colorado and Wyoming. Conclusion:
It appeared feasihle to detect, identify and count livestock at scales of
1/8000 to 1/7000.
I\lring 1964 and 1965, the IJniversity of California at Berkeley entered a
contract with USDA for a study of scales, film-filter combinations, and
conditions in various parts of California. They were to develop livestock
interpretation keys; a representative display of livestock types, hreeds,
ages, sexes was located at the base of a water tower in Davis and photograph~l
at various sun-angles and film-filter comhinations. These studies showed the
feasibility of using a 1/6000 scale and panchromatic film, minus hlue filter,
stereo coverage. A green background was desirahle.

-84-
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The 1967 experiment, using both aerial photography and ground enumeration~
was a test of techniques previously developed. A study area in the Sacra-
mento Valley of California covered approximately 1000 square miles (20 mi les
from east to west and 50 miles from north to south). The area was divided
into two basic land use types--predominantly cultivated fannland, and pre-
dominantly rangeland. Sixteen area sampling units (segments) were selected
at random out of each stratum but the size of the range segments were limited
to approximately three square miles. Enumerators interviewed land operators
to obtain livestock, inventory numbers by species and data to classify each
field into one of four "domains." The domains corresponded to the degree to
which remote sensing was believed to he feasihle because of structures or
ground cover offering varying amounts of concealment to 1 ivestock. Aerial
photographs were obta ined as soon as weather penni tted after emuneration.
Air-to-ground communication allowed tearns to observe and make livestock
crnlnts in selected fields siMlltaneously with fli~ht coverage.
Analysis of the results indicate that comparahle inventory numhers are obtained
by ground emuneration and photo interpretation except for domains where build-
ings, manmade shades or trees obscure part of the animals from aerial view.
Counts from aerial photos of cattle and sheep tended to be greater than the
ground enumeration for the cultivated segments. Ilowever, the aerial counts
for the same species were not as large as the ground emuneration in the range
segments. Most of the important differences between image counts and ground
data methods are associated with animals hidden from the camera or animals
grouped closely together. Range areas have the additional problems of back-
ground clutter and large numhers of photos. r;round data for range segments
appeared less accurate them for the cult ivated se,gments. Large scale color
photography is necessary when animals are bunched or when it is desired to
detect calves, lambs or hreed of animal.
3. Survey Operation
Areas for this study are the June Enumerative Survey segments in the four
county area of Twin Falls, Minidoka, Jerome and Cassia Counties. This area
was selected as it contains both cultivated and rangeland segments. It pre-
sents most of the anticipat~i problems associated with an operational survey.
The .Tune Enumerative Survey question has been modified to collect sane addi-
tional infonnation which will permit domain classification and will give in-
ventory numhers by species for each "field." Dates of enumeration are the
same as for the regular .rES in Idaho. Early completion of emnneration is
desirable.
As soon as enumeration is complete, a sample of segments and fields will be
selected for aerial coverage. Flights will be made as soon as weather per-
mits after the conclusion of the June Fnumeration.
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Ground "truth" ohservations will he made m selected fields simultaneously
with photographing.
After flights have been canpleted, a reemnneration of the segments photof!raphed
will be made to update the JFS data to time of flight.
4. Enumeration of Special Items--Idaho Survey
Items 1 through 5 and 45 through SOb in Section A of each Part A must be
asked and the response indicated for every field. These items are identified
with an asterisk (*). Entries in itern 45 through SOb will he used hy the
editors to classify each field into a "domain" which is intended to represent
the di ffiatlty of seeing animals.
In Section C of each Part A, questions are asked for cattle in the tract and
on adjoining land. For the spec ial sur:?, in add it ion to iternI throltgh 6
for cattle, items 7 through lOh are ask for calves born, sheep and lambs,
horses and hogs inside the tract fields and on adjoining land.
Following is a discussion of items 4S through SOh of Section A and items 7
through lOb of Section D.

Section A - Acreages of Fields and Crops in Tract
45. ~~vmE CCWER in field:

etc. ? YES ( )
Houses, hams, sheds, corrals, feeders,

NO ( )

Determine if there are any manrnade stnlctures in the field
that could possibly offer concealment or confine livestock
so they would be difficult to see in a photo,graph. These
can he buildings or stnlctures that livestock could enter
or they could be next to and be ohscured hy shrlde or over-
hang. Check YES or NO.

46. If YES to itern45, may any of these structures by used to house
or enclose livestock? YES () NO ( )

Should manmade stntctures he located in the field, find out
if they are used to house or enclose livestock; a barn,
shed, corral, or any structure that livestock may enter
and can leave only if released. Check YES or NO.

47. TREES or BRlISIIin the fence line or border? YES ( NO ( )

Consider only the fence line or horder of the field;
disregard growth in t.hebalance of the field. This
can be plantings or wild growth in the border or fence
line. Bnlsh may be considered to he a woody tyne plant.
two feet or more in heir,ht wi th some type of overhanging
limbs which would provide shade for animal s.
Check YES or NO.

I·'",. ••
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48. NATlmAL COVl~R INSIIlE the field; trees or hmsh? YES ( NO (
'Theprevious item 47 asked about trees and brush in the border
or fence line of the field. Item 48 requires that the rest of
the field be considered. Fields with natural cover inside the
field will J ikely be range or pasture land. Do not consider
weeds and grasses as natural cover. Rnlsh may he considered
to be a woody type plant two feet or more in hei{lht with some
type of overhanging limbs which would provide shade for animals.
Check 'tl~Sif the growth of trees or woody tyPe bnlsh is thin
and scattered, in groves, or heavily wooded.. An orchard will
require a Yr:Schecked. Check NO for no cover inside the field.

49. If YES to item 48, what PERCENT of the field is covered?
Enter percent (%). 111is would be the percentage of the
ground area in the field that would be obscured if it could
he viewed from directly overhead, as in an aerial photograph.
Exclude trees and hmsh in the fence lines and borders.
Enter the operator's hest estimate of the percenta,r:eof
area covered.

50. ME 111ERE ANY LIVESTOCK IN nlls FIELD NOW?

1\ YES will be checked should there by any livestock other than
chickens in the field at the time of interview, regardless
of ownership. Check~) if there are none.
a. If YES, will any livestock be moved om' of this field

within the next three weeks? 01eck YES or NO. Should
there be livestock in the field now, this question
will give an indication that they could he moved Ollt
before the time the aerial photogranh is made. The
present intentions of the operator will be helpful
in evaluating the photographs.

b. If NO, will any livestock be moved INTO this field
within the next three weeks? Check YES or NO. Again,
the intentions of the operator are necessary should
there not be any livestock in the field now but some
may be moved in.
In both "a" and "b" the operator's estimate of what
he intends to do may require some probing questions
and time to think about it.
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Section D - Livestock and Chickens on Tract
To meet the requirements of the special aerial pLotography, it
is necessary that livestock be located specifically by field
at the time of interview. Additional questions in Section D
make it possible to obtain a count by species of the livestock
within each field. Do not overlook livestock at the fannstea~,
in buildings, corrals or pens. Quest ions asking for a simple
age breakdown will allow the relative size to be determined.
In photographs, mature cows will be larger than calves, ewes
larger than new lambs, etc. Also, we may be able to count
mature stock accurately but be unable to see and count young
animals. Follow itern 1 through 5 at the top of the page
regarding locations of livestock on the tract and on adjoining
land. Item 7 through lOa are asked for each field just as
item 1 through 6. Instructions for this part of Section D
start on page 72 of the interviewers Manual.
7. Of the CALVES, how many were BORf-.Jsince January 1, 1969?

Refer to the cattle and calves weighing less than 500 pounds
reported in item 4d and in the field at the time of interview.
This will give a count of these younger animals expected to
be smaller on a photo.

8. SHEEP and LAMBS of all ages? Enter the total of all speep
and lambs of any ages in the field, regardless of ownership.
a. Of the LAMBS, how many were born: During January and

February 1969? From March 1, 1969 to now? Obtain the
nwnber of lambs in each age group.

9. IIORSES and PONIES of all ages? Regardless of ownership,
enter the number of horses and ponies of all ages in the field.
a. Of these, how many were BORN since January 1, 1969?

Report the colts and foals born since .January 1, 1969.
These would appear smaller on photo than would mature
animal s .

10. l-KJGSand PIGS of all ages? Determine the total number of hogs
and pigs of all ages in the field regardless of ownership.
Be sure to include all sows, boars, young pigs, ttnweaned
pigs, feeder pigs, etc.

:lij,b~"·,. ••••
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